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INTRODUCTION 
Modem systems of swine management In which large numbers 
of pigs are confined in close contact create an ideal environ­
ment for the spread of respiratory diseases. The most wide­
spread of these diseases, and the one considered by many to be 
the most important disease of swine in the world today, is 
the condition variously referred to as "Virus Pneumonia of 
Pigs," "Enzootic Pneumonia of Pigs," "Infectious Pneumonia" 
or "Enzootic Virus Pneumonia." 
Virus pneumonia of pigs is a chronic pneumonia charac­
terized by a persistent nonproductive cough, loss of con­
dition, growth retardation and low mortality. The first signs 
of the disease are usually manifested 2 to 3 weeks after ex­
posure. Gross pneumonic lesions occur predominantly in the 
anterior lobes and are characterized on microscopic examina­
tion by pronounced peribronchiolar and perivascular lymphoid 
hyperplasia, thickening of the alveolar walls, and septal 
cell proliferation. 
The etiology of virus pneumonia of pigs has not been 
elucidated, and there is at present no adequate means of com­
paring the chronic pneumonias of swine occurring in different 
parts of the world. However, several investigators have 
reported the isolation of agents from virus pneumonia of pigs, 
and some of these agents have been used to reproduce micro­
scopic and on occasion macroscopic lesions of the disease. 
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The respiratory disease-free status of the experimental 
animals used in these experiments was in most cases not de­
fined, and failure to recognize the possibility of intercur­
rent infections with known Mycoplasma spp, has further con­
fused the situation, making it difficult to evaluate the 
etiological significance of the agents isolated. 
Small pleomorphic organisms have been observed in touch 
preparations prepared from pneumonic lung, and in cell cul­
tures infected with the agent of virus pneumonia of pigs. 
The relationship between these organisms and the causative 
agent of the disease has not been clearly defined, but it has 
been suggested that the organisms may be the cause of the 
disease. 
In view of the confusing and often contradictory infor­
mation in current literature on virus pneumonia of pigs and 
the lack of knowledge concerning the nature of the agent 
causing the disease in the United States, it was considered 
essential to characterize and define a causative agent of the 
disease, and if possible to develop methods for its propa­
gation. This study was undertaken In an attempt to attain 
these objectives. 
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REVIEW OP THE LITERATURE 
The literature review covers 4 areas: 1. virus pneu­
monia of pigs, 2. human primary atypical pneumonia, 3. ultra-
structure of Mycoplasma, and 4. ultrastructure of psittacosis 
agents. 
Virus Pneumonia of Pigs 
Pneumonia has been recognized as an important disease 
problem in swine for over two thousand years, Aristotle 
(329 B.C.) in his "Historia Animalium" wrote, "the pig suffers 
from three diseases, one of which is called branchos", and then 
he described the termination of this disease as follows: 
"the decay goes on until it reaches the lungs, when the animal 
succumbs." 
Very little progress was made in the elucidation of the 
etiology of swine pneumonias until Shope {1931a, 1931b) and 
Lewis and Shope (1931) demonstrated that Haemophilus influenza-
suis and a virus were involved as causative agents of swine 
influenza. Their work represents a major milestone in the 
progress toward better understanding of the complex etiology 
of swine pneumonias. 
Gulrajani and Beveridge (1951) recognized a chronic pneu­
monia of swine in Britain which differed from swine influenza, 
and from which they could not isolate swine influenza virus. 
They did however manage to reproduce the disease in 
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susceptible pigs with material filtered through Gradocal mem­
branes of 0,8fj. APD, but not with 0,^6jx APD membrane fil­
trates, Macroscopic pneumonic lesions were present on the 
twelfth day postinoculation. Tney failed to propagate the 
infectious agent in the allantoic cavity or on the chorio­
allantoic membrane of embryonated hen's eggs, and they could 
not infect mice or ferrets with the agent. They recognized 
that their disease resembled the chronic pneumonia described 
by Fullar (1948, 1949a, 1949b) in Australia, and called tne 
disease by the name suggested by him, namely "Infectious 
Pneumonia of Pigs." 
The emphasis in this review will be on the attempts at 
propagation and characterization of the causative agent of 
virus pneumonia of pigs since excellent reviews by Betts 
(1953), Hjârre (1957), L'Ecuyer et al. (196I), L'Ecuyer (1962) 
and Young (1964a, 1964b) adequately cover the historical, geo­
graphic and economic aspects of the disease. 
L'Ecuyer (1962), in a very comprehensive review of the 
literature pertaining to pneumonia in swine, discussed the 
emergence of virus pneumonia of pigs as a recognizable entity, 
differing from swine influenza on clinical, pathological and 
etiological basis. He also presented a detailed discussion 
of the role of a number of bacterial species and Mycoplasma 
hyorhinls as primary or secondary pathogens in swine 
pneumonia. 
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Shope (1931a), while studying field outbreaks of swine 
influenza in eastern Iowa, commented on a form of the disease 
differing from the typical "hog flu". This condition was 
characterized by greater chronicity, the absence of prostra­
tion, and by sporadic occurrence in the affected herds. Lewis 
and Shope (1931), in commenting on a report by Spray, ques­
tioned the validity of his work as follows: "since Spray did 
not differentiate infectious pneumonia, hemorrhagic septicae­
mia, and influenza, his findings are not of great value." It 
is clear that these workers recognized what they considered to 
be a separate infectious pneumonia of pigs. 
Betts (1952) suggested the name "Virus Pneumonia of Pigs", 
(VPP) for the disease described by Gulrajani and Beveridge. 
The main criterion upon which the decision to use the term 
"virus" rested was the result of filtration experiments which 
indicated that the agent was "probably not less than 200 m^ in 
diameter". This name has become widely accepted, particularly 
in the United States, 
The serial transmission of "infectious pneumonia" in 
susceptible pigs described by Gulrajani and Beveridge (1951) 
was successfully repeated by Hjârre et al. (1952a) in Sweden. 
They recognized that pig pneumonia in Sweden was caused by 
an entity differing from swine influenza virus, and they sug­
gested the name "enzootic virus pneumonia" for the disease. 
Pulton et al. (1953) in Canada, and Plowright (1953) in Kenya, 
succeeded in transmitting the disease by the intranasal or 
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Intratracheal Instillation of suspensions of pneumonic lung 
rendered bacteria-free by Seitz filtration. Rislakki (1953) 
in Finland, serially transmitted pneumonia in pigs with 
bacteria-free filtrates, but it is not clear whether he was 
transmitting swine influenza of virus pneumonia of pigs. 
Thus by 195^* it nad been clearly established that the 
chronic pneumonia of pigs, variously known as "infectious 
pneumonia of pigs", "virus pneumonia of pigs", or "enzootic 
virus pneuuionia", could be serially transmitted in susceptible 
pigs. 
Numerous attempts nave been made to transmit the disease 
to laboratory animals. Gulrajani and Beveridge (1951J failed 
to transmit tne disease to mice and ferrets, Fulton et al. 
(1953J were unable to infect guinea-pigs or mice by intranasal 
and subcutaneous injection of infective material. Tney also 
failed to transmit tne disease to a Rnesus monkey by intranasal 
administration of tne agent. 
Wesslên and Lannek (1954) attempted to infect 5 week-old 
mice by tne intranasal instillation of the swine enzootic 
pneumonia (SEPj 1 agent, isolated from chronic pneumonia in 
swine. The 1st and 9th cell culture passage levels were used 
as inoculum. Tne mice were killed on tne 2nd and yth days 
postinoculation, and examined for evidence of pneumonia, 
witn negative results. 
Surdan and Sorodoc (I960j found that mice, guinea-pigs, 
hamsters and rabbits were resistant to an agent Isolated in 
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embryonated hens eggs from enzootic virus pneumonia of swine. 
L'Ecuyer (1962) failed to infect 4 week-old mice by either 
intranasal or intraperitoneal administration of infective virus 
pneumonia of pigs lung suspension. 
The propagation of the causative agent of virus pneumonia 
of pigs in embryonated hens eggs has been attempted many times 
during the past 15 years. Gulrajani and Beveridge (1951) 
failed to infect embryonated hens eggs by either allantoic-sac 
or chorio-allantoic membrane inoculation. Unsuccessful 
attempts at propagating the agent in chick embryos were also 
reported by Hjârre et al. (1952a), Plowright (1953)^ Penttinen 
and Rislakki (1953) and L'Ecuyer (1962). 
Palyusik (1953) inoculated the chorio-allantolc membrane 
and the allantoic sac of 8 and 14 day-old embryonated hens 
eggs with a suspension of enzootic swine pneumonia lung. Pock­
like lesions were observed on the chorio-allantolc membrane. 
The number of these lesions increased on subsequent passage. 
Second passage material was Inoculated intranasally into 
susceptible pigs. A febrile reaction commencing on the 7th 
day and reaching a maximum temperature of IO6.5 P on the 9th 
day was observed. Coughing was observed on the 21st day. The 
lesions found at necropsy were typical of enzootic swine 
pneumonia. 
Lannek and Wesslén (1957) and Dinter e^ al. (1957) found 
that the agent recovered from swine enzootic pneumonia (SEP) 
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in cell cultures, grew readily when inoculated into the yolk 
sacs of 5 to 7 day embryonated hens eggs. They believed yolk-
sac inoculation to be a more sensitive method of isolating 
the SEP agent than cell culture inoculation, 
Surdan and Sorodoc (i960) succeeded in propagating two 
strains of enzootic virus pneumonia agent by yolk-sac inocu­
lation of embryonated hens eggs. They were able to transmit 
these agents through 12 and 13 serial passages respectively. 
Embryo deaths occurred between the 3rd and the 9th days post-
inoculation, Hemorrhages, necrosis, hepatic hypertrophy and 
degeneration were seen in the dead embryos. Hemorrhage and 
edema of the yolk-sac membrane was observed. Pigs inoculated 
with 4th and 11th passage embryo tissues developed febrile 
reactions associated with catarrhal rhinitis and conjunctivitis 
between the 3rd and the 11th day. Bronchopneumonia with ex­
tensive lymphoid hyperplasia and mild suppuration developed 
in 80 per cent of the infected pigs. The infective agent was 
successfully reisolated in embryonated hens eggs from the lungs 
of the experimental pigs, 
Bontscheff (1961a, 1961b) isolated a strain of the virus 
pneumonia of pigs agent by pig inoculation, and after six 
consecutive passages, infected 5 to 6 day-old embryonated 
hens eggs by yolk-sac inoculation using a 15 per cent suspen­
sion of swine lung as inoculum. Embryo mortality occurred 
mainly between the 4th and 7th days postinoculation. Dead 
embryos showed petechial hemorrhages and stunting, membranes 
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were frequently edematous, and necrosis of the skin In the 
region of the head was occasionally observed. Pigs Inoculated 
with embryo tissues from the 7th and 9th serial transfer, were 
killed 19 days postInoculation, and typical lesions of virus 
pneumonia of pigs were found. The agent was successfully 
relsolated In chicken embryos from a suspension of pneumonic 
lung and regional lymph-nodes, 
L*Ecuyer (1962) and L*Ecuyer and Swltzer (1963) attempted 
to Infect embryonated eggs with two strains of the virus 
pneumonia of pigs agent. These were Inoculated Into the yolk-
sac, chorlo-allantolc membrane, and amniotic cavity of 6, 
11 and l4 day-old embryonated hens eggs respectively. No 
mortality occurred, and no lesions were detected In the em­
bryos, A suspension of pooled embryo tissues Inoculated Into 
susceptible pigs did not elicit gross or microscopic lung 
lesions. 
By yolk-sac inoculation of embryonated eggs, Bakos and 
Dinter (1963) succeeded in isolating the swine enzootic pneu­
monia agent from 62,4 per cent of 120 pigs from enzootic 
pneumonia Infected herds. The organism was Isolated from 51.6 
per cent of the nasal cavities and 41.6 per cent of the lungs 
examined. The agent was also successfully isolated from 18 
out of 20 nasal swabs collected from clinically-ill pigs. 
The Isolation of a cytopathogenic agent in cell cultures 
from enzootic pneumonia in swine was reported by Wesslén and 
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Lannek In 1954, Swine lung and kidney cell cultures infected 
with a suspension of pneumonic lung showed cytopathic changes 
from the 3rd to the 10th day postinoculation. The agent was 
successfully passed through 11 serial transfers in swine lung 
cells. It was also grown in human lung cells, in bovine lung 
cells, and in bovine skin cells. The cytopathic changes ob­
served in these cells resembled the changes seen in swine cell 
cultures. The agent was named the SEP 1 agent. Susceptible 
pigs were inoculated intranasally with material from the 
4th and 10th serial passage levels, and killed after 12, 19 
and 30 days. No pneumonic lesions were evident, but marked 
enlargement and edema of the bronchial and mediastinal lymph 
nodes was observed. The SEP 1 agent was successfully reiso­
lated in cell cultures from the affected nodes, Dinter et al, 
(1957) later succeeded in propagating this agent in embryonated 
eggs. 
Hjârre et al, (1954) attempted to propagate the enzootic 
pneumonia agent in cell cultures. Fibroblast and epithelial 
cells derived from swine kidneys were inoculated with the 
Sanda strain of enzootic pneumonia agent. In 3 out of 16 
attempts a mild, slowly-developing cytopathic effect was ob­
served, Subsequent attempts to reproduce these results failed, 
and the authors concluded that their results did not confirm 
those of Wesslên and Lannek (1954), 
The results of further studies on the tissue culture 
propagation of the SEP agent were reported by Lannek and 
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Wesslén (1957)» Four strains of the agent, SEP 1, SEP 7, 
SEP 26 and SEP 28, were successfully grown in swine kidney 
monolayers, and were administered to susceptible pigs by in-
tranasal and Intratracheal instillation. No macroscopic 
pneumonic lesions were evident at necropsy 3 weeks later, but 
9 out of 15 pigs showed histological changes characteris­
tically associated with enzootic pneumonia. Passage of the 
agents in suspended cell cultures of swine lung and kidney 
was then undertaken. Pigs inoculated intranasally with SEP 
agent passaged in this way developed macroscopically recog­
nizable pneumonia and microscopic lesions identical with tuose 
of enzootic pneumonia. Intraperitoneal administration of 
the SEP agent resulted in the development of serositis as well 
as pneumonia. The reisolatlon of the SEP agent from lung 
tissues in these experiments was achieved without apparent 
difficulties. Switzer (1959) attempted to propagate tne virus 
pneumonia of pigs agent in cell cultures. Primary swine lung 
ana kidney cells, and serially passaged cultures of swine lung, 
kidney and nasal mucosa were Inoculated with a field strain 
of the agent which had been passaged 2 to 7 times in respira­
tory disease-free pigs. No cytopathic effects were observed, 
and culture fluids from the 2nd passage in primary cell cul­
tures did not induce pneumonia when inoculated into pigs. 
L*Ecuyer (1962) and L'Ecuyer and Switzer (1963) succeeded 
in propagating two strains of the agent of virus pneumonia of 
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pigs In cell cultures. Primary cultures of swine kidney, 
lung, bone marrow, testicle, and chicken embryo kidney, as 
well as serial passage cell cultures of swine kidney, kidney-
tumour, testicle, bone-marrow, bovine kidney and human 
cervical carcinoma (HeLa) were inoculated with the virus pneu­
monia agent. After 3 serial passages in HeLa cells typical 
gross and microscopic lesions were elicited in respiratory 
disease-free pigs inoculated intranasally and intratracheally 
with culture fluids. After 4 serial passages only microscopic 
lesions were produced, and after 6 and 11 passages no lesions 
were produced in test pigs. Typical gross and microscopic 
lesions were also produced in test pigs inoculated with cul­
ture fluids from the 2nd passage level of the agent in 
primary swine kidney cell cultures, Cytopathic effects were 
not observed in the infected HeLa or swine kidney cells. No 
specific changes were detected in cell sheets stained with 
Giemsa or acridine orange, 
Goodwin and Whittlestone (1963a) and Betts and Whittle-
stone (1963) reported the successful propagation of the J 
strain of the agent of virus pneumonia of pigs in cell cul­
tures of swine lung. Plasma-clot cultures were established 
from lung and nasal mucosa collected from a pig experimentally 
infected with the agent. Histological examination of this lung 
revealed the characteristic lesions of virus pneumonia of pigs. 
No macroscopic abnormalities were observed in the nasal cavity, 
but on histological examination of the nasal mucosa, basophilic 
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cytomegalic Intranuclear Inclusions were found. A cytopathic 
effect was observed in the migrating cells adjacent to the 
tissue fragments of the plasma-clot cultures from the l4th 
day onwards. The cells appeared granular and opaque and re-
fractile particles were present in the cytoplasm. A pig 
inoculated intranasally and intratracheally with culture fluids 
collected from the lung cells on the 15th day developed typical 
macroscopic and microscopic lesions of virus pneumonia of pigs. 
The pig that received culture fluids from the nasal mucosa 
culture developed pneumonia. On histological examination of 
the nasal mucosa basophilic intranuclear cytomegalic inclu­
sions were observed. 
Pig lung monolayer cultures were then infected with 
fluids taken from plasma-clot lung preparations of virus pneu­
monia of pigs. A cytopathic effect resembling a mosaic was 
observed usually between the 3rd and 7th days postinoculation. 
The agent inducing the cytopathic effect was serially passaged 
25 times. Susceptible pigs inoculated intranasally and 
intratracheally with 3rd and 4th passage tissue culture fluids 
developed moderately extensive lesions characteristic of virus 
pneumonia of pigs. No inclusions could be demonstrated in the 
nasal mucosa. One of 4 pigs inoculated with culture fluids 
from the 20th serial passage showed changes resembling re-
\olving lesions of virus pneumonia of pigs. 
Unsuccessful attempts were made to propagate the agent in 
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mit land-type cultures, in pig kidney monolayer cultures, and 
by direct inoculation of pneumonic lung suspension onto pig-
lung monolayer cultures, 
A possible relationship between enzootic pneumonia and 
inclusion-body rhinitis was first suggested by Bakos ^  al. 
(i960). They found that susceptible pigs inoculated intra-
nasally with the Sanda 15 strain of the enzootic pneumonia 
agent developed pneumonia and a catarrhal rhinitis associated 
with the presence of cytomegalic intranuclear Inclusions in 
the glandular epithelium of the nasal mucosa, Obel (196I) 
found pneumonia in l4 out of 22 cases of inclusion-body 
rhinitis which she studied histologically. She described the 
condition as "alveolar cell pneumonia" and "interstitial 
lympho-histiocytic pneumonia". The intranasal instillation of 
a suspension of lung and nasal mucosa into 5 day-old pigs re­
sulted in pneumonia and inclusion-body rhinitis, Goodwin and 
Whittlestone (1963a) and Betts and Whittlestone (1963) found 
inclusions in pigs inoculated with the J strain of the virus 
pneumonia of pigs agent. They were able to separate the pneu­
monia agent from the inclusion-body rhinitis virus by passage 
in pigs using pneumonic lung as the Inoculum, 
Goodwin and Whittlestone (1965) presented the results of 
experiments designed to determine the possible relationship 
between inclusion-body rhinitis, enzootic pneumonia and a 
type-XI pneumonia which they had previously described (i960. 
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1962, 1963b, 1964a, 1964b). They showed that the J strain of 
the enzootic pneumonia agent did not induce inclusion-body 
rhinitis, nor did the inclusion-body rhinitis agent produce 
gross pneumonia. They concluded that inclusion-body rhinitis 
and enzootic pneumonia were separate diseases, A suspension 
of lung and nasal mucosa that when inoculated intranasally in­
to pigs produced both type-XI pneumonia and inclusion-body 
rhinitis, could be cleared of the pneumonia-producing factor 
by filtration through a Millipore filter of 300 mjx pore 
diameter. The filtrate could still be used to elicit inclu-
sion-body rhinitis. Bordetella bronchiseptica was invariably 
found to be associated with the type-XI pneumonia, and the 
authors suggested it was the most likely cause of the disease. 
Duncan (1965) presented a detailed study of the pathogenesis 
of rhinitis and pneumonia induced by pure cultures of B, 
bronchiseptica, He pointed out the resemblance between the 
type-XI pneumonia and that induced with B, bronchiseptica, 
and also suggested that this bacterium was the probable cause 
of type-XI pneumonia. 
The propagation of the swine enzootic pneumonia agent 
in cell-free media was reported by Bakos and Dinter (1963). 
They were able to grow the agent on "PPLO agar", and showed 
that the size of the colonies formed could be considerably 
enhanced when grown in symbiosis with staphylococci. The 
colonies resembled mycoplasmal colonies, and when grown in 
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symbiosis with staphylococci, measured up to 0,8 mm. in 
diameter. The recommended procedure for isolation of the 
agent was by yolk-sac inoculation of embryonated eggs, after 
which growth on "PPLO agar" was readily achieved. Direct iso­
lation of the agent on the agar surface was seldom successful, 
Goodwin and Whittlestone (1964c) produced enzootic pneu­
monia in pigs with a microorganism grown in media free from 
living cells. After initial propagation in pig-lung monolayer 
cultures, the J strain of enzootic pneumonia was inoculated 
into pig-lung monolayers which had been heated for 30 minutes 
at 5b C, Tney were able to grow the agent in this system until 
a dilution of 10"^^ of the original inoculum was reached. Sub­
sequently they changed their technique in favor of a boiled 
cell system. The fluids were removed from pig-lung monolayer 
cultures and replaced with phosphate-buffered saline. The 
tubes were then immersed in boiling water for 30 minutes, 
after which the saline was replaced with Hanks' balanced salt 
solution plus 20 per cem: swine serum. The agent was success­
fully passaged o times in tnis mediuia at 3 or 4-day intervals. 
Pleomorphic organisms were present in large numbers in the cul­
tures used for pig inoculation. Pigs killed 20 days after 
inoculation with these cultures had gross and microscopic 
lesions characteristic of enzootic pneumonia. 
The J agent was subsequently passaged 8 times at 2-day 
intervals in the cell culture medium in the absence of cells. 
Pigs were inoculated Intranasally with a culture which 
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represented a dilution of the fluids originating from a 
passage in the boiled-.cell medium. Gross and microscopic le­
sions of enzootic pneumonia were found at necropsy 20 days 
later. The authors concluded that the causal agent of the J 
strain of enzootic pneumonia had been grown in boiled cell 
medium, and also in medium free of cells. 
The macroscopic and microscopic lesions of virus pneu­
monia of pigs have been described by many workers in different 
parts of the world, Pullar (1949a) in Australia, found that 
fibrinous pericarditis, pleuritis and peritonitis, as well as 
ulcerative gastritis and enteritis, were frequently associated 
with "infectious pneumonia". He reported that gross pneumonia 
was most often found in the right cardiac lobe, followed by 
the right apical and left cardiac lobes, and the left apical 
lobe. The ratio of occurrence was 4:2:2:1. 
Hj&rre at al. (1952a) in Sweden, described the hlsto-
pathology of swine Influenza and enzootic virus pneumonia 
(EVP) of pigs. During the early stages, both conditions were 
characterized by alveolar cell pneumonia with interstitial 
lymphohlstlocytic infiltration and occasional giant cell for­
mation. The tendency toward development of purulent broncho­
pneumonia was stronger in the EVP infections than in swine 
Influenza, 
Betts (1952) in England, noted that the lesions of virus 
pneumonia of pigs were usually confined to the anterlo-
inferlor portions of the lungs. Lesions were clearly 
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demarcated, plum-colored or sometimes greyish. In which case 
they resembled lymphoid tissue. Similar observations were 
made by Plowrlght (1953) In Kenya, and by Rlslakkl (1953) In 
Finland, 
Dlnter et al. (1954) described the pathogenesis of en­
zootic pneumonia Infection. Lesions were usually confined to 
the anterior lobes and were characterized by early diffuse 
alveolar Interstitial proliferation. This was often followed 
by the development of purulent bronchopneumonia which was 
postulated to be the result of secondary bacterial Invaders, 
Carter and Schroder (1956) described virus pneumonia of 
pigs In Canada and were able to transmit the disease to sus­
ceptible pigs. Lesions of bronchopneumonia with marked exu­
dative changes, alveolar cell proliferation, peribronchial and 
peribronchiolar lymphoid hyperplasia, and neutrophilic Infil­
tration were described, 
Pattlson (1956) presented a detailed account of the 
pathogenesis of virus pneumonia of pigs in field cases and in 
the experimentally produced disease. Gross lesions appeared 
on the 11th day postinoculation in the form of greyish-pink 
consolidated areas, most often in the anterior lobes. The 
outstanding microscopic lesion was extensive peribronchial, 
peribronchiolar and perivascular lymphoid hyperplasia. Peri­
bronchiolar and interalveolar accumulations of lymphocytes and 
macrophages were observed in pigs killed 24 hours postinocula-
tlon. In pigs killed at 7 days postinoculation distinct 
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lymphocytic cuffing of bronchioles and blood-vessels was evi« 
dent. By the 11th day septal cell proliferation was observed, 
and the bronchiolar epithelium appeared hyperplastic. Few 
neutrophiles were encountered in either the natural or the 
experimental disease, Whittlestone (1957J described enlarge­
ment and edema of lymph nodes during the active phase of the 
disease, HJârre (1957) described enzootic pneumonia as an 
alveolar cell pneumonia with alveolar epithelial hyperplasia. 
Hyperplasia of the peribroncnial lymph nodes was a prominent 
lesion, 
Underdahl and Kelley (1957) showed that lesions of virus 
pneumonia in experimentally infected pigs were markedly en­
hanced by migration of Ascaris suum larvae through the lungs. 
Similar enhancement of virus pneumonia of pigs lesions resulted 
from a concurrent infection with tne lungworm, Metastrongylus 
elongatus (Mackenzie, 1963). Nelson (1961) failed in his 
attempts to recover tne virus pneumonia of pigs agent from 
ascarid ova and larvae collected from pigs showing character­
istic pneumonic lesions, 
Urman et al. (1958) described the histopathological 
changes in experimentally produced virus pneumonia of pigs. 
On the 11th day postinoculation lymphocytic hyperplasia in 
the region of the blood-vessels and bronchioles was observed. 
From the 13th day onwards, a consistent histological picture 
characterized by marked perivascular and peribroncnial cuffing 
and hypertropny of tne vessel endotnelium was observed. There 
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was some increase in intraalveolar connective tissue with in­
flux of lymphocytes and septal cells. 
Trautwein (i960) described the histopathology of 79 field 
cases of virus pneumonia of pigs. Lesions were found predom­
inantly in the anterior lobes, and were characterized by peri­
bronchial, perivascular and interalveolar infiltration of 
lymphocytes, plasma cells and histiocytes. Alveolar exudates 
consisted of lymphocytes, plasma cells, leucocytes and alveolar 
cells. In advanced cases fibrosis and epithelialisation of the 
alveolar lining cells was observed. Proliferation and de­
squamation of the alveolar epithelium and lymphoid hyperplasia 
were also described as the prominent lesions of swine enzootic 
pneumonia in Japan by Konno et al. (1963). 
Goodwin and Whittlestone (1963b) described the pro­
gressive histology of uncomplicated enzootic pneumonia. Alve­
olar cell pneumonia, catarrhal bronchiolitis and peribronchial 
and perivascular mononuclear-cell accumulations were followed 
by the progressive development of lympho-reticular hyperplasia 
with resolution of the alveolar cell pneumonia. Field cases 
of the disease were frequently complicated by purulent 
bronchiolitis. 
HUnichen (1964) described and discussed the changes in 
the bronchial and alveolar epithelium in swine enzootic pneu­
monia, with emphasis on the question of whether or not these 
changes could serve as precursers of tumors in the lungs. 
During the early stages of the disease, degenerative changes 
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were observed in the bronchial epithelium. These were fol­
lowed by epithelial hyperplasia which was considered to be 
the normal regenerative process, and not early signs of neo­
plasia. Alveolar cell proliferation and desquamation, as well 
as peribronchial and perivascular lympho-hlstlocytlc infiltra­
tion was observed, followed by chronic Interstitial pneumonia 
with fibrosis of the alveolar septa. 
Filtration techniques have been used to clear virus pig 
pneumonia Inocula of bacterial contaminants, and also in 
attempts to determine the size of the causative agent. 
Gulrajani and Beveridge (1951) were able to reproduce the 
disease with an agent which passed Gradocol membranes of 0.8/-'-
but not 0.56tk-average pore diameter. The passage of the 
agent through filters of 0,8jx pore diameter has also been 
reported by Goodwin and Whittlestone (1963a, 1964c). 
Pulton et, al. (1953) and Plowrlght (1953) were able to 
reproduce the characteristic lesions of virus pneumonia in 
pigs with Inocula which had been cleared of bacteria by fil­
tration through Seltz asbestos pads. Momberg-J8rgensen (1938) 
reproduced pneumonia with an agent passed through filters with 
an average pore diameter of 0.94/^. 
Wesslén and Lannek (1954) were able to infect cell cul­
tures with a strain of the SEP agent which had been passed 
through Zsigmondy cellulose filters with an average pore 
diameter of 0.75^^ Lannek and Wesslén (1957) subsequently 
showed that the SEP agent could pass Zsigmondy filters with 
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average pore diameters of 0.3^^ (maximum pore size 0.5y^). 
Switzer (1956) was able to produce pneumonia and turbi­
nate atrophy in pigs inoculated intranasally with turbinate 
suspensions filtered through Selas No. 015 filters and cellu­
lose membranes of 0,75 to l.O^i pore size. Carter and Schroder 
(1956) filtered suspensions of ground lung through Seitz 
clarifying pads and Selas No. 02 candles, and reproduced 
typical lesions of virus pig pneumonia in susceptible pigs. 
Betts (1952) and Betts and Beveridge (1952) performed 
filtration trials to determine the size of the agent of virus 
pneumonia of pigs. They concluded that a virus of not less 
than 200-250 mjx diameter was the causative agent of the 
disease. Several attempts were made by these workers to 
detect Mycoplasma in smears of lung tissue, but none was found. 
The successful visualization of an agent believed to be 
the cause of swine enzootic pneumonia was reported by Lannek 
and Wesslén (1955). The SEP 1 agent was propagated in cell 
cultures of bovine embryonic skin, which were fixed and 
stained with a number of different stains at various intervals 
after inoculation. In haematoxylin-eosin stained preparations, 
eosinophilic cytoplasmic masses were observed in a large 
number of cells on the 2nd day poetinoculation. These masses 
varied considerably in size, sometimes filling the cytoplasm. 
Granular bodies resembling hyaline drops occurred in the cyto­
plasm in the region of the inclusions. Cytoplasmic degenera­
tion was usually complete by the 8th day. Nuclear changes 
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were studied In cells stained by the Feulgen technique, and 
were found to commence later than the cytoplasmic changes, 
Pyknosis was followed by clumping of the chromatin and dis­
appearance of the nuclear membranes, leaving the chromatin 
balls free in the degenerated cytoplasm. Large numbers of 
distinctly stained intracytoplasmic particles were seen at 
800X magnification in cells stained by Taniguchi-Gutstein's 
methyl violet, or Gutstein's modification of Herzberg's 
technique. These bodies were readily demonstrable in un­
stained preparations examined by phase contrast microscopy. 
Castaneda and Machiavello staining did not reveal a rela­
tionship between these bodies and rickettsiae. No cyclic 
development resembling the growth pattern of the psittacosis 
agents was observed. The nature of the particles was not 
understood, but it was suggested that they might be the en­
zootic pneumonia agent. 
Dinter (1957) was able to demonstrate particles in yolk-
sac membranes of embryonated eggs inoculated with the SEP 
agent. When stained with Giemsa the particles resembled those 
seen in cell cultures Infected with the agent, 
Whittlestone (1957) described extracellular pleomorphic 
organisms (P.O.) In Giemsa-stained touch preparations of fresh 
pneumonic lung from experimentally produced or field cases of 
enzootic pneumonia. The organisms resembled Mycoplasma 
tinctorlally and morphologically, and were not encountered in 
other types of pneumonia. Betts and Whittlestone (1963) and 
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Goodwin and Whlttlestone (1963a) described particles resembling 
P.O. In cell cultures prepared from turbinate mucosa and lungs 
from pigs experimentally Infected with the J strain of enzootic 
pneumonia. They were subsequently able to reproduce the disease 
with fluids from the cell cultures. The P.O. found in the cell 
cultures resembled those seen in touch preparations from pneu­
monic lungs, and were believed to play an essential role in the 
disease. It was suggested that the P.O. were likely to fall 
into the Mycoplasma group, 
Goodwin and Whlttlestone (1963b) defined the diagnostic 
criteria for enzootic pneumonia, and put considerable emphasis 
on the presence of P.O. in touch preparations from fresh lung 
lesions. In their successful attempt to propagate the agent 
in cell-free media, Goodwin and Whlttlestone (1964c) found 
P.O. present in large numbers in the inocula used to reproduce 
the disease in susceptible pigs. 
In several excellent histological studies of virus pig 
pneumonia no mention was made of the occurrence of pleomorphic 
organisms in lung lesions (Pattison, 1956; Hjârre, 1957; 
Urman et al., 1958; and Hânichen, 1964). 
The antibiotic sensitivity of the virus pneumonia of pigs 
agent was investigated by Betts and Campbell (1956). The in 
vitro, prophylactic and curative actions of sulphamezathine, 
penicillin, streptomycin, Chloromycetin, chlortetracycline, 
oxytetracycline and tetracycline were determined in a series of 
experiments using the M.R, strain of the agent. None of the 
25 
drugs tested had any effect on established lesions. Peni­
cillin, streptomycin and chlortetracycline had no demonstrable 
in vitro effect on the virus. The other drugs were not tested 
for vitro effect. Sulphamezathine, penicillin, chloram­
phenicol and chlortetracycline feed supplement had no prophy­
lactic action. The intravenous administration of chlortetra­
cycline and oxytetracycline exerted a marked prophylactic 
effect. Slight protection resulted from the parenteral ad­
ministration of streptomycin commencing 5 hours before expo­
sure to the agent, and continuing for seven days. The in 
vitro resistance of the agent to penicillin and streptomycin 
has also been reported by Betts (1952), Betts and Beveridge 
(1952), Fulton et al. (1953), Penny (1954), Wesslén and 
Lannek (1954) and Lannek and Bttrnfors (1956). 
Penny (1954) and Pugh (1956) reported that chlorampheni­
col treatment of virus pneumonia infected pigs resulted in re­
duced coughing and increased weight gains. It was suggested 
that this was the result of therapeutic control of secondary 
bacterial invaders and not of the primary pathogen. 
Wesslén and Lannek (1954) showed that the SEP agent was 
highly sensitive to chlortetracycline and oxytetracycline in 
vitro. This finding was in agreement with the earlier obser­
vations of Betts (1952) and Betts and Beveridge (1952). 
Btirnfors and Lannek (1955) investigated the therapeutic 
effect of sulphamezathine, sulphanllamide, penicillin, chlor­
tetracycline and oxytetracycline on field cases of enzootic 
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pneumonia. The criteria by which they measured therapeutic 
effect were growth, feed consumption, feed conversion rate and 
radiological examinations of the lungs. With the exception of 
sulphanilamlde, all the drugs were of therapeutic value on the 
basis of improved growth, feed consumption and feed conversion, 
but no change in the extent of pneumonic lesions was observed. 
They proposed that the beneficial effect was probably the re­
sult of suppression of secondary bacterial Invaders. 
Lannek and Bërnfors (1956) found that tetracycline and 
oxytetracycline when given per os at dosage levels ranging from 
10 to 20 mg./kg. had a marked prophylactic effect on arti­
ficially induced enzootic pneumonia infection. Goret e_t al. 
(i960) showed that tetracycline HCl in the feed protected sus­
ceptible pigs from infection, and stimulated growth in in­
fected pigs. Prophylactic effect could be achieved by paren­
teral administration of the drug, but administration via the 
feed was considered to be the route of choice. It was sug­
gested that resistance to reinfection was due to the contin­
uous presence of the virus in the pig, a phenomenon resembling 
prémunition. 
An attempt was made by Betts and Beveridge (1952) to 
demonstrate antibodies In the convalescent sera of pigs in­
fected with virus pneumonia of pigs. No neutralizing anti­
bodies could be demonstrated. They also made an unsuccessful 
attempt to vaccinate pigs with a suspension of pneumonic lung. 
Penttlnen and Rlslakkl (1953), using haemagglutination-
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inhibition and complement fixation tests, failed to demon­
strate antibodies in sera from pigs with virus pneumonia. Un­
successful attempts to demonstrate neutralizing antibodies were 
also reported by Hjârre et al. (1951* 1952a), Wesslén and 
Lannek (195%) and Surdan and Sorodoc (i960). 
Lannek and Bflrnfors (1957) demonstrated that pigs which 
had recovered from experimentally induced enzootic pneumonia, 
were resistant to challenge with the same strain of the agent. 
They proved that age was not the factor responsible for the 
resistance by inoculating ten pigs of the same age and size, 
all of which developed the disease. Subsequently the same 
authors (Btirnfors and Lannek, 1958) demonstrated that resis­
tance to enzootic pneumonia could not be induced by the intra­
muscular administration of the agent. 
In vitro neutralization of the SEP agent was reported by 
Dinter et al. (1957). Antiserum was prepared in rabbits, and 
neutralization tests were successfully performed in cell cul­
tures and in embryonated eggs. Bakos and Dinter (1963) suc­
cessfully repeated their attempts at neutralization of the 
agent, and were also able to develop an indirect fluorescent 
antibody procedure and an agar-gel precipitation test, 
Howell and Gordon (195%) reported the demonstration of 
cold agglutinins to human group 0 erythrocytes in pigs which 
were subsequently found to have the typical lesions of virus 
pneumonia of pigs. In a series of controlled experiments 
Fontaine et al, (1959) confirmed these findings, but also 
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demonstrated the antibodies in sera of swine free of virus 
pneumonia of pigs. 
Gulrajanl and Beveridge (1951) showed that the infec-
tivity of the virus pneumonia of pigs agent was not destroyed 
by storage at -20 C or in glycerol at 0 C for up to 55 days, 
Betts (1952) found that the agent survived for at least 24 
hours in a buffered solution at room temperature. It was 
later reported that the agent was rendered noninfective for 
pigs by exposure to 20 to 22 C for 72 hours, or 37 C for 8 
hours (Betts and Whittlestone, I963). 
Betts (1952) has been able to recover the virus pneumonia 
of pigs agent from a pig infected 66 weeks previously, and 
from several pigs infected 21 weeks previously. Hjârre et al. 
(1952a) found that lungs from pigs infected 4 months pre­
viously were still infective when inoculated into susceptible 
pigs. 
Human Primary Atypical Pneumonia 
The term "Primary Atypical Pneumonia" has been used since 
World War II to designate a nonbacterial, noninfluenzal lower 
respiratory tract syndrome in man, which occurred in pandemic 
form in areas of troop concentration (Reimann, 1964). 
Meiklejohn (1943) demonstrated significant titers of cold 
agglutinins for human type 0 erythrocytes in a large propor­
tion of cases of primary atypical pneumonia. Similar titers 
were not observed in other respiratory diseases. Thomas et al. 
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(19^3) showed that streptococcal MG agglutinins were fre­
quently present in sera of patients recovering from the 
disease, Eaton et al. (1944) reported the isolation of an 
agent from patients with primary atypical pneumonia. They 
were able to propagate the agent in embryonated eggs, and 
could then infect hamsters and cotton rats by the intranasal 
instillation of chicken embryo tissues. Filtration experi­
ments were performed using collodion membranes, and on the 
basis of the results, the size of the agent was estimated to 
be between l80 and 250 iiyi (Eaton e^ al., 1945). Eaton (1950) 
later showed that the agent was highly sensitive to chlor-
tetracycline, but that Chloromycetin had little effect under 
the same experimental conditions, 
A study of the localization of the Eaton agent in chicken 
embryos using an indirect fluorescent antibody technique was 
reported by Liu (1957). The agent was found to multiply ex­
clusively in the cytoplasm of the bronchiolar and air-sac 
lining epithelium, Marmion and Goodburn (1961) and Clyde 
(1961) were able to visualize small coccobacillary bodies 
situated extracellularly in stained preparations of chick 
embryo bronchial epithelium and infected cell cultures. 
Chanock et al. (1962a) succeeded in propagating the 
Eaton agent on horse serum agar medium. On the basis of the 
morphologic and staining properties of the colonies, and 
their requirement for serum, it was concluded that the organ­
ism was a member of the genus Mycoplasma. Using a fluorescent 
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antibody staining technique they were able to show that the 
Eaton agent was antigenlcally distinct from three human oral, 
and four human genital strains of Mycoplasma as well as a 
number of other mammalian, avian and cell cultures strains. 
Subsequently they propagated the agent in broth medium sup­
plemented with horse serum and yeast extract, and prepared an 
antigen suitable for use in a complement fixation test 
(Chanock ejt al., 1962b). 
Somerson et al. (1963) proposed the name Mycoplasma 
pneumoniae for the agent of primary atypical pneumonia. They 
showed that the agent produces a hemolysin capable of lysing 
guinea-pig erythrocytes and suggested that this property might 
be useful in identification of M. pneumoniae isolates. Clyde 
(1963) found that hemolysis was most striking when sheep or 
guinea-pig erythrocytes were used, but human, horse and rabbit 
erythrocytes were also satisfactory. Kerr £t al. (1964) de­
veloped a rapid plate agglutination test for the diagnosis of 
M. pneumoniae infection. Dowdle and Robinson (1964) developed 
a specific indirect hemagglutination test which was as sensi­
tive as the complement-fixation test and more sensitive than 
the fluorescent antibody techniques. 
Hilleman et al. (1962) surveyed the occurrence of pri­
mary atypical pneumonia in various age groups, and found that 
this disease was the principal causative agent in adults hos­
pitalized for respiratory disease between 1953 and i960. 
The resemblance between primary atypical pneumonia of 
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man and virus pneumonia of pigs was recognized by Betts and 
Beverldge (1952). They suggested that size and antibiotic 
sensitivity indicated a possible relationship between the virus 
pneumonia of pigs agent and the grey-lung virus of mice, 
psittacosis agent. Mycoplasma and the primary atypical pneu­
monia agent. 
The resemblance between the lesions of virus pneumonia of 
pigs and grey-lung disease of mice was discussed by Pattison 
(1956). The lesions encountered in the late stages of the 
mouse pneumonia very closely resembled the lesions of virus 
pneumonia of pigs. 
Betts and Campbell (1956) discussed and compared the anti­
biotic sensitivity of the Eaton agent, the grey-lung virus of 
mice, and the agent of virus pneumonia of pigs. Chlortetra-
cycline had a marked prophylactic and curative action on the 
Eaton agent and on the grey-lung virus, but was effective only 
in the prophylaxis of virus pneumonia of pigs. Chloromycetin 
appeared to have no effect on tne vnree agents. 
In a survey of the lungs of 700 market age pigs. Young 
and Underdahl (196O) encountered a pneumonia that grossly re­
sembled virus pneumonia of pigs. On microscopic examination 
it proved to be an interstitial pneumonia distinctly different 
from virus pneumonia of pigs and was said to resemble primary 
atypical pneumonia of man, Roberts et al. (1962) encountered 
one case of interstitial pneumonia in a survey of the micro­
scopic lesions present in 86 pneumonic swine lungs. They were 
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able to produce lesions resembling virus pneumonia in pigs 
inoculated with material from this case. 
Ultrastructure of Mycoplasma 
Early electron microscopic studies on members of the 
Mycoplasmatales (Reagan et al., 1951, 1953) revealed extensive 
filament formation in cultures of unidentified avian Myco­
plasma strains. Thin-sectioning techniques were not used, and 
thus no description of the internal structure of these agents 
was given. Morowitz et. 9-1. (19-2) in a study of the chemical 
composition and submicroscopic morphology of Mycoplasma 
galllseptlcum, showed that the cells of the agent were gen­
erally spherical with an average diameter of 250 m/j.. Occa­
sional cells with diameters as large as 500 and as small as 
150 were encountered. 
Shifrine et al. (1962) described the various morphological 
forms of M. galllseptlcum as seen with the electron microscope 
during colonial growth on solid media. Three distinct forms 
of growth were observed. The early stage consisted of small 
hexagonal cells, referred to as elementary cells, measuring 
from 100 my. to 5OO ny. in size. Large hexagonal cells which 
the authors called platycytes were then observed. These were 
followed by the development of the third form called exo-
blasts. No sectioning of the agents was reported, and no in­
ternal structure was described. 
The electron microscopic examination of ultra-thin 
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sections of Mycoplasma colonies and of cell cultures infected 
with Mycoplasma was reported by Edwards and Fogh (i960). 
They found that the organisms generally were ovoid measuring 
on an average 250 by 300 mjuu The Mycoplasma lacked a cell 
wall, but possessed a plasma membrane. The cytoplasm was 
peripheral and contained large nucleoids and granular ma­
trices. Threadlike filaments believed to represent chromo­
somes were described. Various stages of budding and multi-
nuclear division were observed. The entry of the Mycoplasma 
into the host cell commenced with apposition of plasma mem­
branes followed by microvillus formation, swelling of endo­
plasmic reticulum, distortion of mitochondria, vacuole for­
mation, cytoplasmic granulation and then breakdown of the 
membranes. The Mycoplasma in the cell were usually, but not 
always, situated within cytoplasmic vacuoles. 
Freundt (1960) presented electron micrographs of thin 
sections of Mycoplasma mycoides grown in broth cultures, 
showing elementary bodies with dense cytoplasm and delicate 
cytoplasmic membranes. 
Van Iterson and Buys (i960) used the shadow-casting and 
ultra-thin sectioning techniques to study the morphology of 
Mycoplasma hominis. Mycoplasma salivarium and Mycoplasma fer-
mentans. They found that colonies of all three species con­
tained coccoid elements as well as the usual vesicular ele­
mentary bodies. In section the coccoid bodies resembled 
bacteria very closely, being much more electron-dense than 
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the vesicles, and possessing a distinct cell wall, dense cyto­
plasm and a well-defined nuclear structure. In sections they 
averaged 27O myix in diameter which was approximately the same 
size as the Mycoplasma vesicles. A very close association 
between the two forms was demonstrated, and the authors sug­
gest that the Mycoplasma of human origin may represent the L-
phase variant of minute coccoid bacteria. 
An attempt was subsequently made by the same authors 
(Ruys and van Iterson, 1961) to demonstrate the coccoid bac­
teria in Mycoplasma of avian origin. In all seven strains of 
M. gallisepticum that they examined they were able to demon­
strate two distinct colony types. Small granular colonies 
15 to 40yA In diameter were most numerous, but a few large 
flat homogeneous translucent colonies 50 to 25(^ in diameter 
were invariably present. Subcultures from each type of 
colony gave rise to both types, and separation of the two 
types by filtration could not be achieved. Electron micro­
scopic examination of ultra-thin sections of the small colo­
nies revealed the typical vesicular mycoplasmal morphology. 
The large colonies consisted of electron-dense bodies which in 
their compactness and Internal organization resembled the 
small coccoid bacteria found in the human strains of Myco­
plasma. No bacterial cell walls could be demonstrated how­
ever, and it was concluded that these agents represented an 
intermediate stage between Mycoplasma and bacteria. 
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Domermuth £t al. (1964a, 1964b) described the ultrastruc­
ture of 19 strains of Mycoplasmatales grown on solid media. 
In all the strains examined a triple-layered limiting cell 
membrane of 75 to 100 A thickness was observed. This membrane 
appeared to be symmetrical in some strains and asymmetrical in 
others. The cytoplasmic components of the cells, such as ribo-
somes and nuclear regions with DNA-like strands, closely re­
sembled those found in bacteria. In the JA strain of M. 
gallisepticum the ribosomes were arranged in a "corn-cob" 
pattern, a phenomenon not seen in other strains. 
The size of the "average Mycoplasma cell" as measured on 
electron micrographs was 500 to 700 my^, a dimension which was 
found to be remarkably uniform between the different strains. 
The external elementary bodies had an average size of only 130 
to 150 ny. The small elementary bodies were very electron-
dense in contrast to the larger cells which on occasion con­
tained areas of lesser density or appeared completely empty. 
It was suggested that the large empty forms represented a non­
viable involution form of the agent. 
Homogeneous spherical condensations 100 to 200 myj in 
diameter, with or without limiting membranes were often en­
countered within the cytoplasm of the larger Mycoplasma cells. 
These structures were usually located at the periphery of the 
cells, in or near filamentous protrusions of the limiting mem­
brane, It was suggested that the mycoplasmal filaments might 
be the site of elementary body production and liberation. 
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In an electron microscopic study Dmochowski £t al. (1964) 
using the negative staining and thin-sectioning techniques 
were able to demonstrate Mycoplasma associated with human leu­
kemia. They discussed and compared the morphology of known 
Mycoplasma and the organisms found in the blood and lymph 
nodes of leukemic patients. 
Ultrastructure of Psittacosis Agents 
The agents of the psittacosis-lymphogranuloma-trachoma 
(PLT) group possess characteristics linking them with both 
the viruses and the bacteria. They differ from the viruses 
in their size, complex developmental cycle, antibiotic sen­
sitivity and the possession of DNA, RNA, muramic acid and 
certain enzymes. Like the viruses, they are obligate intra­
cellular parasites, and in some of them the DNA replication 
resembles that of the viruses. (Armstrong et al., 19^3; 
Erlandson and Allen, 1964; Tanami et al., I96I.) The de­
velopmental cycle of the psittacosis agent was described by 
Bedson and Bland (1932), who also described the morphology of 
the agent as seen through the light microscope. 
Gaylord (1954) performed the first definitive electron 
microscopic study of the ultrastructure of a psittacosis 
agent. In ultra-thin sections of chorio-allantoic membranes 
Infected with the Cal 10 strain of meningopneumonitis agent 
he was able to demonstrate round to.oval structures of vary­
ing sizes, presumably different stages in the life cycle of 
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the agent. The particles identified as elementary bodies were 
electron-dense, frequently with dark central granules, and 
measured from 250 to 300 m// in diameter. Intermediate forms, 
less dense than the elementary bodies, and measuring from 300 
to 400 were frequently seen. Larger forms referred to as 
"circles" were commonly encountered. These structures were 
much less electron-dense, measured from 400 to 600 nyi in 
diameter, occasionally contained dense granules and sometimes 
appeared to be dividing. They were contained within a single 
limiting membrane which often appeared to be ruptured. It was 
concluded on morphological evidence .that the agents divided by 
binary fission or by multiple endosporulation, 
Tajima et al, (1957) described the structure and intra­
cellular development of a bovine PLT group agent in mouse lung, 
and of the Gal 10 strain of meningopneumonitis in the chorio­
allantoic membrane. Various developmental forms were observed 
with both agents, and the developmental sequence of these 
forms was followed. Twenty-four hours after inoculation an 
amorphous granular matrix was observed in the cells. Incom­
plete membranes appeared to condense on the surface of the ma­
trices, finally enclosing them forming the "large" forms. Re­
duction in size and the formation of central granules results 
in what was referred to as the "intermediate" form. Further 
reduction in size and increase in density gave rise to the 
elementary bodies which were considered to be the terminal 
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stage of development. All of the above forms were enclosed 
within "inclusion bodies" within the cytoplasm. 
Page £t al. (1961) compared the structural features of 
13 strains of avian and mammalian PLT agents. By using the 
shadow-casting technique they were able to demonstrate the 
outer membranes of the agents, and both spherical and polygo­
nal forms of the agents. The diameters of the organisms 
varied from 280 to 98O ny, 
A light and electron microscopic study of the morphology 
and development of the trachoma agent in human conjunctiva and 
in the yolk-sac of embryonated eggs was reported by Mitsui 
et al, (1962), They showed that the agent first developed 
plaques, then initial bodies, and finally elementary bodies. 
Typical elementary bodies consisted of an electron-dense 
central nucleoid surrounded by viroplasm and a limiting mem­
brane, Other electron-dense, less clearly defined elementary 
bodies with irregular boundaries were described, 
Armstrong and Reed (1964) described the morphology and 
early development of the lymphogranuloma-venereum (LGV) agent 
in HeLa cell cultures. The elementary bodies of LGV resembled 
those of psittacosis and trachoma, A central electron-dense 
core consisting of closely packed granular material contained 
a localized fibrillar nucleoid. The entire electron-dense 
central region was surrounded by a less dense region and sin­
gle limiting membrane. The diameter of the elementary bodies 
was about 325 mu. 
39 
The process of attachment and entry of the agent into the 
cell was described in detail. A comparison was made between 
fixation of cells with Palade's solution, potassium perman­
ganate and Kellenberger's method, and it was concluded that 
the results obtained using the last-named technique most nearly 
represented the true morphology of the agents. On the basis 
of morphology and development it was suggested that the 
psittacosis group may have evolved by ecological specializa­
tion of free-living bacteria-like ancestors. 
Erlandson and Allen (1964) described the ultrastructure of 
intracellular, crude and purified meningopneumonitis agent. 
Using both the thin-sectioning and negative staining tech­
niques, they were able to describe 2 types of particles; the 
relatively large initial bodies and the small dense elementary 
bodies. Initial bodies were bounded by a 70 A unit membrane, 
and measured from 400 to 590 mjx in diameter. The bodies were 
made up of a fibrillar matrix in which membranous "whorls" 
resembling fingerprints were seen. The elementary bodies were 
round to ovoid, and measured 260 to 310 m^ in diameter. A 
very dense central nucleoid was separated from the 70 A limit­
ing membrane by a faint ground substance. "Whorls" were 
occasionally encountered in the elementary bodies, and in some 
cases appeared to be continuous with the limiting membrane. 
It was suggested that these structures could be analogous to 
the mesosomes of bacteria. 
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Mitsui et al. (1964) studied the development and mor­
phology of the trachoma agent in the yolk-sac of embryonated 
eggs. Reticulated matrices composed of 100 A filaments were 
described as the precursors of the viral forms. These ma­
trices then became surrounded by double membranes to form the 
"giant bodies" (plaques), measuring 1 to 5^ in diameter. 
Membrane-bound inclusion cavities developed around the "giant 
bodies" which decreased in size to become "large bodies" 
(initial bodies) measuring 0.5 to ly^ in diameter. The ele­
mentary bodies which developed after the "large bodies", 
measured 300 to 500 vajx in diameter, and consisted of an elec­
tron-dense nucleoid composed of coiled filaments, a slightly 
less dense viroplasm and a single limiting membrane. The 
elementary bodies were believed to arise from the earlier de­
velopmental forms by a process other than binary fission. 
In an electron microscopic study of latent psittacosis 
virus in McCoy cells, Kajima £t al. (1964) were able to demon­
strate three well-defined morphological stages; an initial 
body stage, an intermediate body stage, and the mature elemen­
tary body forms. With the aid of acridine-orange staining 
they were able to demonstrate that only the elementary body 
form of the virus was infectious. The initial bodies corres­
ponded with the RNA-staining stage as observed in acridine 
orange stained preparations. The mature elementary bodies 
measured 250 to 300 in diameter, and characteristically 
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consisted of a dense nucleoid separated by a space from a 
distinct virus membrane. Binary fission of the mature virus 
particles was not observed. 
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MATERIALS AND METHODS 
Virus Pneumonia of Pigs Agent 
The agent of virus pneumonia of pigs used throughout these 
experiments was strain No. 11 (L'Ecuyer, 1962). This strain 
was isolated from a pig originating from a large herd with a 
continuing chronic pneumonia problem. The pig from which the 
strain was isolated had gross consolidation of the apical and 
cardiac lobes of the lungs. Intranasal inoculation of respira­
tory disease free pigs with the agent consistently resulted in 
well-demarcated, reddish-grey pneumonic lesions, generally 
involving the cardiac, apical and intermediate lobes. The le­
sions occurred as scattered foci of consolidation or involved 
entire lobes. The microscopic lesions characteristically 
elicited by this agent were peribronchiolar and perivascular 
lymphoid hyperplasia, marked alveolar interstitial thickening, 
and alveolar exudation of septal cells, mononuclear leucocytes 
and in early cases, neutrophiles. 
An apparent increase in virulence of the agent was ob­
served after serial passage in pigs. During the early pas­
sages, lesions were elicited in 30 to 60 per cent of inocu­
lated pigs. After 7 serial passages, lesions were usually 
present in 80 to 100 per cent of inoculated pigs. During the 
course of the experiments the agent was serially passaged from 
the 3rd to the 10th passage level in pigs. 
Lesions from experimentally infected pigs were 
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aseptically removed, cut into small pieces, and stored in 
rubber-stoppered vials in a freezer cabinet at -30 C or in a 
dry ice and alcohol chest at -65 C, Routine bacteriological 
examination of the infective lung material was performed by 
inoculation of the following media: 1. horse-blood agar 
plates streaked with a micrococcal nurse colony, 2. mod­
ified MacConkey's agar (Ross, 1965), and 3. beef heart in­
fusion broth with hemoglobin, swine gastric mucin and turkey 
serum (Ross and Switzer, 1963). This strain of the virus 
pneumonia of pigs agent has consistently been shown to be free 
of Mycoplasma hyorhinis. Mycoplasma granularum, Haemophilus 
spp., Pasteurella multocida, Bordetella bronchiseptica and 
Streptococcus spp. It was shown to be free of swine influenza 
virus by inoculation of embryonated hens eggs and intranasal 
inoculation of mice. No cytopathogenic viruses were Isolated 
in primary swine kidney cell cultures inoculated with the 
agent. 
Suspensions of infective lung used for inoculation of 
pigs, cell cultures, artificial media, mice and embryonated 
eggs were prepared by grinding the tissue in a glass tissue 
grinder with physiological saline, or with Dulbecco's phos­
phate buffer (Dulbecco and Vogt, 1954) plus 10 per cent calf 
serum. A 10 per cent suspension prepared in this way was 
centrifuged at 2000 G for 10 to 15 minutes to sediment 
cellular debris. The supernatant fluid was either used 
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directly, or filtered through cellulose membranes^ of 800 
APD prior to inoculation. 
Experimental Pigs 
The experimental pigs were procured from two sources. 
Most of them were from the respiratory disease-free herd main­
tained at the Iowa Veterinary Medical Research Institute, 
This herd was established in 1951 with surgically derived 
breeding stock, and all subsequent introductions into the herd 
have been surgically derived. The experimental pigs were 
naturally farrowed and raised with the sows until weaning, A 
few experiments were performed using surgically derived, 
colostrum deprived pigs reared in isolation in the Department 
of Veterinary Hygiene, Iowa State University, 
The clinical, pathological and bacteriological examina­
tions performed annually on 300 to 400 pigs from this herd con­
firm its continued respiratory disease-free status. Management 
and isolation programs were strictly supervised, and all ra­
tions were prepared free of antibiotics or other drug 
additives. 
Experimental pigs were housed in strict isolation for the 
duration of each experiment and were in most cases allotted to 
units by an approved randomization procedure. The ages of the 
pigs ranged from 3 to 10 weeks. One to 2 ml, of inoculum was 
^Millipore Filter Corporation, Bedford, Massachusetts. 
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administered Intranasally by injection through a rubber 
urethral catheter inserted into the nasal passage to a depth 
of approximately 3 inches. Two, 3 or 4 inoculations were given 
at 2 to 3 day intervals. 
Pigs were necropsied after observation periods ranging 
from 3 to 8 weeks. The usual procedure was to electrocute and 
then exsanguinate the pigs, but for the collection of specimens 
for electron microscopic examination, barbiturate anaesthesia 
was used. All animals were examined for gross lesions and 
specimens were collected for histological examination and 
aseptically for bacteriological procedures. Routine inocula­
tions of horse-blood agar plus nurse colony, modified Mac-
Conkey's agar and beef heart infusion broth, as described 
earlier, were made. 
Propagation Experiments 
Cell cultures 
The 3 types of cell cultures used in these investigations 
were primary swine kidney cells, primary swine lung cells, and 
serial passage swine lung cells. All cells were Incubated at 
37 C in a stationary position. 
Glassware preparation The distilled water used in 
washing of glassware and stainless steel utensils had been 
passed through a mixed-bed resin ion exchange column, and 
shown to have a total conductivity equivalent to less than 0,1 
parts per million NaCl, 
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The dirty glassware was immersed in 0.06 per cent Micro-
substances. It was then heated to approximately 65 C in fresh 
detergent solution, rinsed in three changes of ion exchange 
water, heated to over 65 C in ion exchange water, and then in­
verted in racks to dry. The final rinse had a conductivity of 
less than 0.3 parts per million NaCl equivalents. After ap­
propriate wrapping the clean glassware was sterilized at I60 C 
dry heat for 3 hours. 
Preparation of media Ion exchange water was used in 
the preparation of all culture media and other solutions used 
in the cell culture procedures. Three balanced salt solutions 
were used. A modification of Madin's balanced salt solution 
(1957) was prepared as indicated below. 
solve^ detergent and mechanically brushed to remove adherent 
NaCl 7.0 gm. 
0.4 gm, 
0.26 gm. 
0.2 gm. 
0.144 gm. 
1.0 gm. 
KCl 
CaCl2"2H20 
MgSO^.THgO 
NaHgPO^.HgO 
Dextrose 
Lactalbumin (enzymatic) 
hydrolysate (LH) 
Phenol red, 0.2 per cent 
Ion exchange water 
5.0 gm. 
5.0 ml. 
1000.0 ml 
^Microbiological Associates, Inc., Bethesda, Maryland. 
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The solution was piacea in Erlenmeyer flasks with cotton 
plugged air-vents penetrating the rubber stoppers, and auto-
claved at 10 pounds of pressure as suggested by Hancock e_t al. 
(1959) for 20 minutes, Earle's balanced salt solution (1943) 
with 0.5 per cent LH, and Hanks' balanced salt solution (1948) 
with 0.5 per cent LH, were also used. Both these media were 
autoclaved at 10 pounds pressure as described for Madin's 
balanced salt solution. 
Ten per cent bovine fetal serum (BPS), 10 to 15 per cent 
calf serum (CS), or 20 per cent swine serum (SS) was added to 
the balanced salt solutions, depending on the cell type being 
grown. Culture media used for propagation of primary swine 
kidney cells contained 200 units of penicillin and 100 micro­
grams of streptomycin per ml. 
Primary swine kidney cells Kidneys were aseptically 
removed from 1 day-old to 8 week-old pigs from the respira­
tory disease-free herd maintained at the Iowa Veterinary 
Medical Research Institute. They were finely minced with 
scissors, washed thoroughly with the balanced salt solution A 
(BSA) described by Marcus et al. (1956), and trypsinized with 
0.33 per cent Trypsin 1:250^ in BSA by a modification of the 
continuous-flow digestion" system described by Melnick (1955). 
Digested cells were collected in a centrifuge bottle chilled 
at 4 C, and when digestion was complete, centrifuged at 1000 
^Difco Laboratories, Detroit, Michigan. 
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RPM for 5 minutes. The supernatant fluid was discarded, and 
the cells were washed and centrifuged twice at 600 RPM for 3 
minutes using the complete growth medium consisting of Madin's 
balanced salt solution with LH, 10 per cent CS and antibiotics, 
adjusted to pH 7.0 with 7.5 per cent sodium bicarbonate. The 
packed cells were then resuspended in the complete growth me­
dium at a dilution of 1:300, and dispersed in 1.5 ml. amounts 
into l6 X 150 mm. Kimax^ tubes, in 2.0 ml. amounts into I6 mm. 
Leighton tubes containing 11 x 22 mm. cover-slips, and when 
required, into tissue culture flasks. The tubes were placed 
in racks and incubated in a stationary position for 3 to 4 
days at which time the growth medium was replaced with 2.0 
ml. maintenance medium consisting of Earle's balanced salt 
solution with LH, 10 per cent CS and antibiotics. The cells 
were again incubated in the stationary position until required 
for inoculation. 
Primary swine lung cells Lung tissue was aseptically 
removed from respiratory disease-free pigs or from pneumonic 
lesions in experimentally infected pigs. The tissue was placed 
in a sterile beaker, finely minced with scissors, and then 
transferred to a sterile Erlenmeyer flask containing a teflon-
coated magnetic stirring bar. After one rinsing with BSA it 
p 
was trypsinized in a 0.33 per cent solution of Trypsin 1:250 
^Kimble Glass Company, Toledo, Ohio, 
^Difco Laboratories, Detroit, Michigan, 
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in BSA at 4 C for l8 to 24 hours. The flask was placed on a 
magnetic stirrer and trypslnlzatlon was allowed to continue 
for 2 to 3 hours at room temperature. The cell suspension was 
then strained through 4 layers of sterile gauze, placed in a 
centrifuge tube and centrifuged at 800 RPM for 10 minutes. 
The supernatant fluid was decanted and the cells were resus-
pended in Madin's balanced salt solution with LH and sedi-
mented by centrifugation at 600 RPM for 3 minutes. The final 
cell suspension was made in Madin's balanced salt solution 
plus LH and 10 per cent BPS without antibiotics, giving a 
final cell dilution of 1:200, The cell suspension was dis­
persed in 1,5 ml, amounts into 16 x 150 mm, culture tubes, in 
2,0 ml. amounts into l6 mm. Leighton tubes containing 11 x 22 
mm. cover-slips, or into tissue-culture flasks as the occa­
sion demanded. The culture medium was renewed on the 3rd or 
4th day and cell sheets were usually confluent by the 5th 
day. 
Serial passage swine lung cells Serial passage swine 
lung cells were established from both normal and pneumonic 
lung tissue. The cell lines were adapted to growth in Madin's 
balanced salt solution plus LH and 10 per cent BPS without 
antibiotics. Serial passage of the cell lines was achieved 
using the technique described by L'Ecuyer (I962). The cells 
were transferred by replacing the growth medium with a O.15 
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per cent solution of dlsodlum dlhydrogen ethylenedlamlne-
tetraacetate dlhydrate (Titraver^) In Madin's balanced salt 
solution plus LH. The pH of the solution was adjusted to 7.6 
with a 7.5 per cent solution of sodium bicarbonate, and the 
flasks were Incubated at 37 C for 10 to 40 minutes. The cells 
became detached from the glass, and could be easily resuspended 
in complete growth medium to 2 or 3 times the volume of the 
original medium. The cell suspensions were well mixed and 
dispensed into flasks or tubes as required, after which they 
were Incubated at 37 C. Cells were passaged at 5 to 10 day 
Intervals, depending on growth rate. 
Serial passage lung cells, established from lesions from 
experimentally produced cases of virus pneumonia of pigs, were 
mechanically removed from the glass surfaces, concentrated by 
centrlfligation at 4000 G for 30 minutes, and inoculated intra-
nasally into susceptible pigs after 3, 7 and 8 serial trans­
fers. Pigs were necropsled 3 to 5 weeks postinoculation and 
examined for gross and microscopic lesions of virus pneu­
monia of pigs. 
Cells from the 3rd serial passage were also fixed and 
embedded for electron microscopic examination as described 
under electron microscopic procedures. Cells from the 1st 
to the 4th serial passage grown on cover-slips in Leighton 
tubes were fixed and stained with Glemsa, acridlne orange or 
orcein, prior to microscopic examination. 
^Hach Chemical Company, Ames, Iowa. 
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The 3rd serial passage of a swine lung cell line estab­
lished from a normal pig was inoculated with a pneumonic 
lung suspension. Serial passage of the cell line was con­
tinued, and at the 9th passage level 3 pigs were inoculated 
to determine the presence of the infectious agent. After 30 
days the pigs_were killed and examined for gross and micro­
scopic lesions of virus pneumonia of pigs. 
Inoculation of cell cultures Cell cultures were inoc­
ulated with suspensions of pneumonic swine lung or cell cul­
ture fluids in such a way that a 10-fold dilution of inoculum 
resulted at each inoculation. In some instances inocula 
were clarified by filtration through cellulose membranes of 
800 myu APD^ in addition to the centrifugal clarification. 
Daily examinations for evidence of cytopathic effect was made. 
Cell sheets grown on cover-slips in Leighton tubes were fixed 
and stained with Giemsa, acridine orange or orcein, 1 to 7 
days after inoculation, and were then examined by brightfield 
and ultraviolet-light microscopy. 
Attempts were made to demonstrate enhancement of growth 
of the agent of virus pneumonia of pigs in swine lung serial 
passage cell cultures by continued exposure to an atmosphere 
consisting of 95 per cent oxygen and 5 per cent carbon 
dioxide at a pressure of 10 pounds per square inch. The tech­
nique described by Segre (1964) was modified for use with the 
^Millipore Filter Corporation, Bedford, Massachusetts. 
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swine lung cell system. Normal serial passage swine lung cell 
cultures were grown in Madin's balanced salt solution with 
LH and 10 per cent bovine fetal serum as before. When the 
cell sheets were confluent on the 3rd or- 4th day they were 
Inoculated with a filter clarified suspension of pneumonic 
lung, each tube receiving 0.2 ml. inoculum. The rubber stop­
pers of inoculated tubes and uninoculated control tubes were 
replaced with sterile cotton plugs, and the tubes were taped 
to a sloping holder and placed in a pressure cooker modified 
by replacement of the control valve by a double gas cock. A 
pressure valve was attached to one arm of the gas cock and a 
mixture of 95 per cent oxygen and 5 per cent carbon dioxide 
was introduced via the other arm until a pressure of 10 pounds 
per square inch was reached. The cocks were cxosed and the 
entire container incubated at 37 C. 
Cell cultures inoculated with the same inoculum, as well 
as uninoculated control cultures, were incubated at 37 C in 
the conventional way for comparison with those kept in the 
high oxygen environment. Every three days all cultures were 
transferred, and cover-slips were stained with Giemsa and with 
orcein for microscopic examination. After 8 serial transfers 
2 groups of 3 pigs were inoculated intranasally with the in­
fected culture grown in the high oxygen environment, and with 
a suspension of cells from the pooled control tubes. All pigs 
were killed 3 weeks later and examined for gross and 
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microscopic lesions of virus pneumonia of pigs. Specimens 
were collected for bacteriological examination. 
Artificial media 
Numerous attempts were made to propagate the causative 
agent of virus pneumonia of pigs in artificial media. A wide 
variety of fluid and solid media were used. Growth in fluid 
medium was evaluated by daily examination for turbidity, sedi­
ment or pellicle formation, and by microscopic examination of 
Giemsa stained sediment for evidence of microorganisms. 
Growth on solid medium was determined by microscopic examina­
tion using a binocular dissecting microscope and oblique 
lighting. The usual inoculum was a 10 per cent suspension of 
pneumonic lung clarified by centrifugation and sometimes by 
filtration through 800 m^x APD membranes. Three to 4 blind 
passages were usually performed at 2 to 5 day intervals with 
broth media, and at 5 to 15 day intervals with agar surface 
cultures. The latter were transferred by picking individual 
colonies or by cutting out 1 cm. squares of the agar contain­
ing the colonies and smearing them in the inverted position 
onto the surface of fresh agar plates. 
Swine Mycoplasma medium The routine Mycoplasma medium 
used was a beef heart infusion broth containing 0.2 per cent 
hemoglobin, 0,5 per cent swine gastric mucin, 20 per cent 
turkey serum, penicillin and thallium acetate, prepared as 
described by Ross and Switzer (1963). Numerous attempts were 
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made to propagate the virus pneumonia of pigs agent in this 
medium and also on agar plates prepared from this medium. 
Agar plates were incubated on wet towels in covered stainless 
steel pans, or in plastic bags to maintain humidity. The agar 
concentrations ranged from 0.75 to 1.5 per cent agar. Modi­
fications of the routine medium were made by substitution of 
the turkey serum with 5 to 15 per cent horse serum, and by 
the inclusion of 2,5 per cent fresh yeast extract prepared 
according to the procedure described by Chanock^ which is as 
follows: 
1. Add 250 gm. Pleischmann's Type 20 - 40 yeast^ to 1 
liter distilled water. 
2. Heat to boiling while stirring constantly, 
3. Filter through 2 sheets No. 1 filter paper. 
4. Adjust pH to 8.0 by adding O.IN NaOH. 
5. Dispense in 10 to 12 ml. aliquots, 
6. Autoclave at 15 pounds pressure for 15 minutes, 
7. Store in freezer at -30 C. 
The swine Mycoplasma broth and agar media were further mod-
3 ified by the inclusion of 0.1 per cent Tween 80 prior to filter 
sterilization. The medium containing the Tween 80 was also 
^Dr. R, M, Chanock, National Institute of Allergy and 
Infectious Diseases, Bethesda, Maryland. PPLO yeast extract. 
Personal communication. 1962. 
2 Standard Brands Incorporated, New York, N, Y, 
^Hill Top Laboratories, Cincinnati, Ohio. 
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modified by the addition of B-diphosphopyrldlne nucleotide^ 
(DPN) grade III at a concentration of 0.01 per cent, and 
p 
L-cysteine hydrochloride also at a concentration of 0.01 per 
cent as described by Chalquest (1962). One per cent solutions 
of DPN and L-cysteine hydrochloride were Selas filter ster­
ilized and stored at -25 C until required. 
Avian Mycoplasma media Turkey meat infusion medium 
containing 5 per cent yeast autolysate, penicillin and thallium 
acetate was prepared following the procedure described by 
Yoder and Hofstad (1964). Twenty per cent turkey serum or 15 
per cent horse serum was added to the infusion prior to filter 
sterilization. Agar slants and plates, as well as broth 
cultures were used. 
Human Mycoplasma media The agar and broth media des­
cribed by Chanock^ were prepared as follows: 
Mycoplasma agar; 
1. Suspend 34 gm. Difco PPLO agar^ in 1 liter 
distilled water. 
2. Heat and dissolve. 
3. Dispense in bottles (70 ml. per bottle). 
^Sigma Chemical Company, St. Louis, Missouri. 
2 Nutritional Biochemicals Corporation, Cleveland, Ohio, 
3Dr. R. M, Chanock, National Institute of Allergy and 
Infectious Diseases, Bethesda, Maryland. PPLO broth, PPLO 
agar. Personal communication. I962. 
^Difco Laboratories, Detroit, Michigan. 
56 
4. Autoclave for 15 minutes at 15 lbs. pressure. 
5. Cool at 50 C. 
6. Add in the following order: 
A. 100,000 units penicillin. 
B. 2.5 ml. of 1:50 thallium acetate (1:2000 
final dilution). 
0. 1.0 ml. Amphotericin (0.5 mg. per ml.). 
D. 10 ml. of 25 per cent yeast extract (as 
described for swine PPLO media). 
E. 20 ml. horse serum (not inactivated). 
Mycoplasma broth: 
1. Dissolve 21 gm. Difco PPLO Broth^ in 1 liter 
distilled water. 
2. Dispense in 70 ml. amounts in 125 ml. bottle. 
3. Autoclave for 15 minutes at 15 pounds pressure. 
4. Add the following: 
A. 100,000 units penicillin. 
B. 2.5 ml. 1:50 thallium acetate. 
C. 1.0 ml. Amphotericin B^ (0.5 mg. per ml.). 
D. 10 ml. 25 per cent yeast extract. 
E. 20 ml. horse serum (not inactivated). 
After inoculation agar plates were incubated in 
a humid environment. 
Boiled cell medium A modification of the technique 
described by Goodwin and Whittlestone (1964c) was followed. 
1e, R, Squibb and Company, Franklin Park, Illinois. 
^Difco Laboratories, Detroit, Michigan. 
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Primary pig lung cell cultures were prepared as described 
under "cell cultures" using jtianks' balanced salt solution witn 
O.b per cent LH to wnicn was added 0.01 per cenu Dil'co"^ yeast 
extract, 20 per cent pig serum Inactivated at 56 C for 30 
minutes, and 200 units per ml. penicillin. On the 6th day 
when the cells were confluent the growth medium was poured off 
and the tubes were nearly filled with boiling phosphate-
buffered saline and then almost totally immersed in a boiling 
water bath for 30 minutes followed by 10 minutes immersion 
after the heat had been removed. The saline was replaced with 
Hanks' growth medium and the tubes were then inoculated with 
filtered suspension of pneumonic lung and incubated at 37 C. 
Tubes were examined daily, and transfers to tubes containing 
Hanks' growth medium were made at 2 to 5 day intervals. 
Microscopic examination of Giemsa or orcein stained sediment 
from the centrifuged culture medium was performed, and re-
p 
suits were photographically recorded with AO photomicro-
o 
graphic equipment and Polaroid Type 55 P/N film. 
Tissue culture medium The Hanks' growth medium as 
used in the boiled cell cultures was inoculated with filtered 
10 per cent pneumonic lung suspension. Serial transfers and 
^Difco Laboratories, Detroit, Michigan. 
^American Optical Company, Chicago, Illinois. 
^Polaroid Corporation, Cambridge, Massachusetts, 
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microscopic examinations were performed as described above. 
An attempt was made to enhance the growth of the causative 
agent in Hanks* growth medium by inoculating the culture with 
Mycoplasma hyorhinis strain 7. The culture containing the 
two agents was scrutinized daily and serially transferred. 
Smears prepared from sediment after centrifugation, were 
examined microscopically. Medium containing no penicillin 
was also used to determine whether the organism would revert 
to a bacterial form in the absence of inhibitors. 
-8 
After 7 serial passages representing a 10 dilution of 
the original lung inoculum, 3 groups of 3 pigs were inocu­
lated intranasally with cultures derived from the boiled cell 
medium, the Hanks' growth medium and the medium containing 
both the pneumonia agent and M. hyorhinis. An additional 3 
pigs were inoculated with the organism after 8 serial passages 
in Hanks' growth medium. Three control pigs were inoculated 
with the growth medium. All the pigs were necropsied 3 weeks 
postinoculation and examined Tor gross and microscopic lesions 
of virus pneumonia of pigs. Specimens were collected for 
bacteriological examination. 
Attempts were made to grow the organisms on agar plates 
prepared with Hanks' balanced salt solution. One per cent 
Noble agar was incorporated in Hanks' balanced saline with 
0.5 per cent LH, 0.01 per cent Difco^ yeast extract and 20 
^Difco Laboratories, Inc., Detroit, Michigan. 
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per cent heat-inactivated swine serum. Five per cent of a 
suspension of normal lung which had been clarified by cen-
trifugation at 2000 G for 15 minutes and filtration through 
a 650 mjA APD cellulose membrane,^ was incorporated into some 
of the agar medium in an effort to enhance colony growth. 
The plates were poured, allowed to solidify and stored at 4 C 
in sealed plastic bags to prevent drying. 
Agar surfaces were inoculated with pneumonic lung sus­
pensions or with the organisms grown in artificial medium. 
A "Micrococcus sp. nurse colony was streaked down the center 
of the plates which were then incubated at 37 C in a humid 
environment. Microscopic examinations were made at 2 to 3 
day intervals to ascertain whether surface growth was 
occurring. 
Chicken embryos 
On several occasions 6 to 7 day-old embryonated hens eggs 
were inoculated with 10 per cent lung suspensions of virus 
pneumonia of pigs in an effort to propagate the agent. Prior 
to inoculation of eggs the suspensions were divided into 2 
portions, one of which received 5OOO units per ml. penicillin 
and 5 mg. per ml. streptomycin, while the other was not 
treated with antibiotics. The embryonated eggs were inocu­
lated by the yolk-sac route, each embryo receiving 0.2 ml. 
^Millipore Filter Corporation, Bedford, Massachusetts, 
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inoculum. They were then incubated at 37 C. The eggs were 
candled daily and dead eggs were removed and kept at 4 C for 
at least 2 hours before examination for macroscopic lesions. 
On the 7th day all live embryos were chilled at 4 C prior to 
necropsy. Embryos were examined for gross lesions, and yolk-
sac, heart, liver and spleen were aseptically collected for 
serial passage. Blind passages of material from both dead 
and live embryos were continued to the 6th passage level. 
Horse blood agar plates were inoculated with embryo suspen­
sions to determine sterility. 
Yolk-sac smears were prepared, stained with Giemsa's 
stain or by Macchiavello's technique, and examined 
microscopically. 
Seven day-old embryonated eggs were inoculated with 0.2 
ml. of Hanks* medium which had been inoculated with virus pneu­
monia of pigs agent 4 days previously. After 2 serial pas­
sages in eggs a yolk-sac and embryo suspension was prepared, 
mixed with a suspension prepared from 6tn sériai passage 
eggs? and inoculated intranasally into 3 experimental pigs. 
The-inoculations were repeated twice at 2 day intervals. 
The pigs were killed 20 days after initial exposure, and 
examined for gross and microscopic lesions of virus pneumonia 
of pigs. Specimens were collected for bacteriological 
examination. 
Ten day-old embryonated hens eggs were inoculated onto 
the chorlo-allantoic membrane with a 800 mjj. APD 
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filter-clarified lung suspension of virus pneumonia of pigs to 
determine whether pock or plaque formation could be demon­
strated. The eggs were candled daily and examined for lesions 
after seven days incubation. 
Mice 
Several attempts were made to infect mice with the causa­
tive agent of virus pneumonia of pigs. Six 21 day-old 
Carworth Farm (CPW) mice were inoculated intranasally with a 
10 per cent suspension of pneumonic lung. They were killed 
after 21 days and lungs were collected for serial passage 
and for histological examination. Mice inoculated with 2nd 
serial passage lung suspension were necropsied after l4 days 
and examined for pneumonia or other lesions. 
On three occasions baby mice between 1 and 5 days old were 
inoculated intranasally with lung suspensions of virus pneu­
monia of pigs. They were necropsied after 2 to 5 weeks, and 
lungs were collected for histological examination and for 
serial passage. Stored passage material from each of these 
groups of mice was pooled and passaged serially at 14 day 
intervals in baby mice for 2 serial passages. Sections of 
lungs were collected for histological examination after each 
passage. 
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Histological Procedures 
Tissue sections 
Tissues were collected and immersed in fixative within 5 
minutes after death of the experimental pigs. Ten per cent 
buffered formalin or Bouln's fixative plus 5 per cent acetic 
acid was used, and in all cases a minimum fixation time of 48 
hours was allowed. Tissues were removed, trimmed and processed 
immediately, or stored in 70 per cent ethyl alcohol. Tissues 
were embedded in Paraplast^ tissue embedding medium, sectioned 
at 6^ and mounted on glass slides with an albumin fixative. 
Sections were stained with Giemsa or with Harris' hematoxylin 
and counterstained with eosln Y as described in the U, S, 
Armed Forces Institute of Pathology (i960) Manual of Histo­
logic and Special Staining Technics. 
Cell culture coversllps 
Cells grown on coversllps in Lelghton tubes were examined 
following staining with Giemsa, acridlne orange or orcein 
stain. 
Giemsa staining Coversllps were removed from Lelghton 
tubes, fixed in Bouln's fixative plus 5 per cent acetic acid, 
dehydrated and stained with 2 per cent Giemsa stain for 4 to 
24 hours as described by Switzer (1959). 
^Aloe Scientific, St. Louis, Missouri. 
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Acrldlne orange staining The technique used was a 
modification of the method described by Pollard and Tanaml 
(1962). After removal from the Leighton tubes the coverslips 
were stained as follows: 
1. Fix in 3 per cent HCl in 95 per cent 5 minutes 
ethanol. 
2. Rinse in 2 changes of Mcllvaine's 2 minutes 
buffer, pH 3.6. 
3. Stain with .01 per cent acrldlne 4 minutes 
orange in Mcllvaine's buffer, 
4. Rinse in 2 changes of Mcllvaine's 2 minutes 
buffer. 
5. Mount coverslip in Mcllvaine's buffer 
and seal with melted paraffin. 
Mcllvaine's buffer solution was prepared from the follow­
ing stock solutions of citric acid and disodium phosphate; 
Stock solution A O.OIM citric acid 
Stock solution B 0.02M Na^HPO^ 
A pH of 3.6 was achieved by mixing the 2 solutions in the 
following proportions: 
Citric acid 13.56 ml, 
Disodium phosphate 6,44 ml, 
Acrldlne orange stained preparations were examined imme­
diately after staining with an AO microscope^ equipped with a 
darkfield condenser and photographic accessories. An AO 
"Fluorolume" illuminator with an Osram HBO 200 mercury vapor 
^American Optical Company, Chicago, Illinois, 
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arc lamp served as the ultraviolet light source. A 3 mm. 
Schott BG-12 exciter filter, and a Schott OG-1 barrier filter 
were used in the system. 
Orcein staining A modification of the procedure des­
cribed by Fogh and Fogh (1964) was used to stain normal and 
virus pneumonia of pigs infected cells grown on coverslips in 
Leighton tubes. This was done as follows; 
1. Replace culture medium with 1.5 ml. of 0.6 
per cent sodium citrate solution, 
2. Add 0,5 ml. distilled water drop by drop 
(final concentration of sodium citrate is 
0.45 per cent). 
3. Allow to stand for 10 minutes. 
4. Slowly add an equal amount of Carnoy's 
fixative, 
5. Replace this mixture with Carnoy's fixative. 
6. Fix for 10 minutes, 
7. Remove slide from tube and allow to dry for 
at least 5 minutes, 
8. Stain for 5 minutes with orcein stain, 
9. Wash 3 times in absolute alcohol, 
10, Mount in Euparal^, 
The Carnoy's fixative was prepared as follows: 
glacial acetic acid 1 part 
absolute ethyl alcohol 3 parts 
^Flatters and Garnett Ltd,, Manchester, England. 
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The 2 per cent solution of synthetic orcein^ was prepared 
by dissolving the orcein In boiling glacial acetic acid, 
cooling to 55 C and then adding distilled water to give a final 
acetic acid concentration of 60 per cent. This was cooled to 
room temperature and filtered twice through Whatman No. 1 
filter paper. 
Touch preparations Touch preparations were prepared 
by gently pressing clean microscope slides against freshly 
cut surfaces of virus pneumonia of pigs lung lesions. The 
impressions were then alr-drled, fixed In methyl alcohol for 
3 minutes and stained for 90 to 120 minutes In 2 per cent 
Glemsa solution In distilled water. Slides were washed and 
alr-drled prior to microscopic examination. 
Broth cultures Culture media suspected of containing 
growing organisms were centrlfuged at 4000 G for 15 minutes, 
the supernatant fluid was aspirated off, and smears were made 
from the button in the centrifuge tube. The smears were alr-
drled, fixed in absolute methyl alcohol and stained with 
Glemsa as described for touch preparations. Smears were also 
stained by Gram's method prior to microscopic examination. 
^Matheson, Coleman and Bell, Cincinnati, Ohio, 
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Electron Microscopy Procedures 
Collection and fixation of specimens 
Lung specimens were collected from normal or experi­
mentally infected virus pneumonia pigs while under deep bar­
biturate anesthesia. Normal lung specimens were also col­
lected immediately after killing pigs for cell culture 
preparation. The tissues were cut into very small pieces and 
fixed in osmium tetroxide at 4 C or in glutaraldehyde, Speci­
mens collected in osmium tetroxide fixatives were held for 1 
to 2 hours at room temperature before commencing dehydration. 
Tissues fixed in Kellenberger's fixative were held at 4 C 
overnight before dehydration. Tissues fixed in glutaraldehyde 
were held for 1 to 24 hours, or if longer storage was required, 
they were washed in acetate-veronal buffer after 1 hour and 
stored in 0,2 M sucrose for up to 1 month. All glutaraldehyde 
fixed tissues were postfixed in osmium tetroxide fixatives. 
Cell cultures grown from normal or virus pneumonia lungs 
were usually fixed in osmium tetroxide containing sucrose and 
CaClg, but on occasion the CaCl2 was not included. Cells were 
either fixed ^  situ or they were loosened from the glass with 
a sterile latex tube and then fixed. 
Buffer solution 
The acetate-veronal buffer stock solution described by 
Palade (1952) was prepared as follows: 
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Na-veronal (sodium barbital) 
Na-acetate, crystalline (NaC^H^O^OH^O) 
Water 
14.714 gm. 
9.714 gm. 
500 ml. 
Fixatives 
One per cent osmium tetroxide solution (Palade, 1952) was 
prepared as follows: 
Make up to 25 ml. with distilled water. 
The OsO^-sucrose fixative described by Caulfield (1957) 
was used to reduce cellular distension by raising the osmotic 
pressure. The fixative was prepared as follows; 
Add 0.045 gm./ml, sucrose. 
This fixative was modified by the addition of 1.0 ml. of 
0.04 M CaClg. 
The fixative described by Kellenberger £t al. (1958) as 
being optimal for the preservation of fine structure of bac­
teria was prepared as follows: 
Michaelis buffer. 
2 per cent stock solution OsO^ 
Acetate-veronal buffer 
O.IN HCl 
12.5 ml. 
5.0 ml. 
4 to 5 ml. to give 
pH 7.4 
Prepare 1 per cent OsO^ as above 
Distilled water 
Na-acetate 
Na-veronal 
NaCl 
19.428 gm. 
29.428 gm. 
34.000 gm. 
1000 ml. 
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Using this buffer the following fixative was prepared; 
Buffer 5.0 ml, 
O.IN HCl 7.0 ml. 
Distilled water 13.0 ml. 
M-CaClg 0.25 ml. 
OsO^ 0.25 gm. 
The final pH of this solution was 6.0. 
The 2.5 per cent glutaraldehyde fixative described by 
Sabatini e^ al. (1963) was used when processing of tissues 
could not commence within 1 hour after collection. The fixa­
tive was prepared as follows; 
25 per cent glutaraldehyde 1.0 ml. 
Acetate-veronal buffer 2.0 ml. 
Distilled water 6.0 ml. 
Adjust to pH 7.4 with O.IN HCl. 
Make up to 10 ml. with distilled water. 
Embedding media 
A 9:1 n-butyl;methyl methacrylate monomer solution was 
prepared as follows; 
n-Butyl methacrylate 90 ml. 
Methyl methacrylate 10 ml. 
Benzoyl peroxide 2 gm. 
A modification of the methacrylate-dlvinyl benzene em­
bedding medium described by Kushlda (I96I) was prepared for 
use as follows; 
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n-Butyl methacrylate 98.5 ml. 
D1vinyl benzene 55^ 1.5 ml. 
Benzoyl peroxide 1.0 gm. 
The epon embedding medium described by Luft (I961) was 
prepared in the following way; 
A. Epon 812 62 ml. 
Dodecenyl succinic anhydride (DDSA) 100 ml. 
Mix well. 
B. Epon 812 100 ml. 
Methyl nadic anhydride (MNA) 89 ml. 
Mix well. 
Equal quantities of stock solutions A and B were mixed when 
required for embedding, and 1.5 per cent of the accelerator 
2, 4, 6 - dimethylamino-methyl-phenol (DMP-30) was added. 
Dehydration and infiltration 
Dehydration and methacrylate infiltration of tissues was 
achieved as follows: 
25 per cent ethanol 15 minutes 
50 per cent ethanol 15 minutes 
70 per cent ethanol 15 minutes 
85 per cent ethanol 15 minutes 
95 per cent ethanol 15 minutes 
absolute ethanol (2 changes) 8 minutes each 
50:50 absolute ethanol:methacrylate 30 minutes 
^Dow Chemical Company, Midland, Michigan, 
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Methacrylate plus Benzoyl peroxide 30 minutes 
Pre-polymerlzed methacrylate l8 hours 
The schedule for dehydration and infiltration of tissues 
with epon was as follows: 
25 per cent ethanol 15 minutes 
50 per cent ethanol 15 minutes 
70 per cent ethanol 15 minutes 
95 per cent ethanol 15 minutes 
absolute alcohol (2 changes) 10 minutes each 
propylene oxide (2 changes) 15 minutes each 
Immersion in a 50:50 propylene oxide :epon mixture for 1 to 4 
hours was followed by deposition of the tissue in gelatin 
capsules containing epon. 
Tne tissues were occasionally held in 70 per cent ethanol 
overnight. 
Polymerization 
The 9:1 n-butyl-methyl metnacrylate was polymerized in an 
oven at 55 C, or by exposure to ultraviolet llgnt (Westinghouse 
Sun Lamp^j at a distance of 2 cm. cooled by air-flow from an 
exnaust fan. Methacrylate containing dlvlnyi benzene was 
polymerized by neat only, Epon was polymerized over a period 
of 2 days as follows: 
35 C l8 hours 
•"•Westinghouse Appliance Sales, Des Moines, Iowa 
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45 C 8 hours 
6o C l8 hours 
Tissue fragments such as lung specimens were dehydrated 
and infiltrated in glass tubes and embedded in gelatin cap­
sules. Cells from cultures grown on glass were processed in a 
number of ways. The technique described by Howatson and 
Almeida (1958) was used for the fixation, dehydration, infil­
tration and embedding of cells while still adhering to glass 
coverslips. The fixation, dehydration and infiltration pro­
cedures were as described previously. Prior to polymerization 
a gelatin capsule partly filled with viscid pre-polymerized 
methacrylate was inverted on the cells, and heat or ultra­
violet light polymerization was then continued. When polymer­
ization was complete, the coverslips with attached capsules 
were placed on solid COg for 2 minutes, after which the cap­
sules with the embedded cells could be snapped off. Cells 
which were loosened from the glass surfaces prior to or after 
fixation were dehydrated and infiltrated in centrifuge tubes, 
each 15 minute dehydration step being performed in a centri­
fuge at 2000 G. Gelatin capsules containing cell suspensions 
were centrifuged at 2000 G for 15 minutes to settle the sus­
pended cells prior to polymerization. 
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Sectioning 
Capsules were suitably trimmed and sections were cut using 
a Cambridge Huxley^ ultramicrotome and an LKB^ ultramicrotome. 
Glass knives were used for all methacrylate sections and for 
most of the epon sections. A diamond knife was used for the 
remainder. Sections were cut between 50 and 80 m^ thickness. 
Methacrylate sections were flattened with chloroform or xy­
lene vapors, and floated onto 200 mesh grids coated with a 
thin layer of parlodion. Epon and methacrylate-divinyl ben­
zene sections were placed on 300 mesh grids with no support 
films. 
Staining 
Sections were stained with lead citrate as described by 
Reynolds (19Ô3) for 10 to 20 minutes, or with 1 per cent 
uranyl acetate (Watson, 1958) for 1 to 2 hours. Stained 
methacrylate sections were overlaid with a thin film of meth­
acrylate to reduce sublimation in the beam (Roth, 196I). 
This procedure was not followed for epon or methacrylate-
divinyl benzene embedded specimens. 
Electron microscopes 
The early part of this work was performed using an RCA 
^Cambridge Instrument Company Limited, London, England. 
^L.K.B. Produkter A.B., Stockholm, Sweden. 
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EMU 3F^ electron microscope operated at 50 or 100 kv, with a 
200condenser aperture and a 30|A objective aperture, A 
Hitachi HU llA^ electron microscope operated at 50 kv with a 
300^ condenser aperture and a 50yU objective aperture was 
used for the latter part of the work. 
Filtration Studies 
The particle size of the virus pneumonia of pigs agent 
was determined by filtration through a graded series of 
•5 Q 
Millipore cellulose membrane filters supported in Millipore^ 
Micro-Syringe filter holders and mounted as illustrated in 
Figure 1. Fiberglass clarifying pads were used in conjunction 
with the 800 mju APD filters only. Positive pressures not ex­
ceeding 10 psi were used to force the suspensions through the 
filters. 
In the first trial a suspension of infective lung was 
prepared and clarified by centrifugation at 2000 G for 10 
minutes and filtration through a membrane of 800 mjx APD. 
This clarified suspension was then divided into four aliquots; 
one served as control inoculum and the other three were passed 
through membranes of 65O m^, 450 nyx and 300 ijx APD respec­
tively. 
iRadio Corporation of America, Camden, New Jersey. 
^Hitachi, Limited, Tokyo, Japan. 
^Millipore Filter Corporation, Bedford, Massachusetts. 
Figure 1. Filtration apparatus with air-pressure hose 
attached. 
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Sixteen pigs were divided into 4 groups of 4 and housed 
separately. Each group was inoculated intranasally with 1 ml, 
of one of the above-mentioned filtrates. These inoculations 
were repeated 48 hours later wiuu filtrates which had been 
stored at -30 C in the interim. The pigs were killed 30 days 
postinoculation, examined for gross lesions, and specimens 
were collected for bacteriological and histological evaluation. 
A "marker" virus of known size was included in the second 
filtration trial as a check on the integrity of the filter 
membranes. A strain of fowl-pox virus was obtained through 
the courtesy of Dr. M, S. Hofstad^, and a preliminary size 
determination of this agent was performed to determine its 
suitability as a "marker" virus. Virus suspensions were fil­
tered through membranes of 800 ny, 450 ny, 300 ny^ and 220 iryx 
APD, and assayed for virus by Inoculation of the chorio­
allantoic membranes of 10 day-old embryonated hens eggs. The 
virus passed the 300 m^ but not the 220 nyx APD membranes. 
Fowl-pox virus was mixed with a suspension of pneumonic lung 
to give a final dilution of 10" of the stock fowl-pox virus. 
The mixture was clarified through an 800 m^ APD membrane, and 
then divided into four aliquots, three of which were filtered 
through membranes with APD of 450 n^, 300 lyx and 220 lyi 
respectively. Chorio-allantoic membrane inoculations of 10 
day-old eggs were made with each of the filtrates, and also 
^Dr. M, S, Hofstad, Iowa Veterinary Medical Research 
Institute, Ames, Iowa, 
77 
with fowl-pox virus and virus pneumonia of pigs lung 
suspension. 
Sixteen pigs were divided Into 4 groups of 3 pigs and 1 
group of 4 pigs. Each group of pigs was Inoculated Intra-
nasally with one of the following Inocula; fowl-pox virus or 
800 m^, 450 m/A, 300 mjx and 220 myj membrane filtrates of the 
mixed suspension. The pig Inoculations were repeated on the 
3rd and 5th days after the Initial exposure. All pigs were 
killed 21 days after the first Inoculation, and examined for 
gross lesions of pneumonia and for pox lesions. Specimens were 
collected for bacteriological, histological and virus 
evaluation. 
Serological Procedures 
Preparation of antlsera 
Four 3 month-old lambs were bled for serum 5 weeks prior 
to inoculation and again 3 days prelnoculatlon. Two launbs 
were inoculated intramuscularly with 5 ml. of a 1:1 mixture 
of 10 per cent suspension of pneumonic lung and 4 per cent 
sodium alginate adjuvant (Alglvant^). The injections were 
repeated on the 3rd, 5th, l6th, and 63rd days. The lung 
used for preparation of the inoculum was shown to be infec­
tive by pig Inoculation. The other 2 lambs were Injected 
^Colab Laboratories Incorporated, Chicago Heights, 
Illinois. 
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Intravenously with 1.5 ml. of the 10 per cent lung suspen­
sion. The injections were repeated on the same days as the 
intramuscular ones. All 4 lambs were bled for postinoculation 
sera 1, 2, 3> 4, and 9 weeks after the first inoculation. 
They were bled again 10 days after the booster inoculation 
which was given on the 63rd day. 
One 6 month-old boar from the respiratory disease free 
herd was bled for serum prior to inoculation with a 20 per 
cent suspension of pneumonic lung. Two ml. of the lung sus­
pension was injected intravenously, and 2 ml. of a 1:1 mix­
ture of the lung suspension and Difco^ Complete Preunds Adju­
vant was injected intramuscularly and subcutaneously. The 
intravenous inoculation was repeated on the 2nd day, and the 
intramuscular and subcutaneous inoculations on the 2nd, 4th, 
15th, and 30th days postinoculation. Serum was collected on 
the 30th day and again on the 40th day which was 10 days after 
the booster inoculation. 
Agar-gel diffusion micro-precipitation tests 
The double-diffusion technique of Ouchterlony (1949) and 
the single-diffusion method of Ouidin (1948) were Used in 
efforts to demonstrate antibodies to the agent of virus pneu­
monia of pigs in swine and sheep antisera. 
The diffusion agar was prepared as follows; 
^Difco Laboratories, Detroit, Michigan. 
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0.85 per cent NaCl 45 ml. 
0.15M NagHFO^'YHgO 35 ml. 
0.15M KHgPO^ 15 ml. 
Aqueous mertnlolate 5 ml. 
Noble agar^ 1 gm. 
Autoclave at 15 pounds pressure for 15 minutes, 
Tne pH of this mixture was 7.2. 
For the Ouchterlony double-diffusion tests 8 ml. hot agar 
was pipetted into 50 mm. Petri dishes and allowed to congeal 
at room temperature. For the Ouidin single-diffusion test 
agar was placed in a water-bath at 56 C and the temperature 
was allowed to stabilize before addition of sera. 
Four-week postinoculation serum from each of 4 sheep was 
adsorbed witn acetone-extracted lung powder prepared from nor­
mal pig lung and adjusted to pH 7.2 in phosphate buffered 
saline. The adsorption was performed as follows: 
postinoculation serum 4 ml. 
lung powder 50 mgm. 
Shake well and stand overnight at 4 C. 
Sediment powder at 12,100 G for 15 minutes and 
remove serum. 
Heat serum at 56 C for 30 minutes. 
In tne Ouidin test, preinoculation serum, 4-week post-
inoculation serum and adsorbed 4-week postinoculation serum 
^Difco Laboratories, Detroit, Michigan, 
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from each of 4 sheep was incorporated into the agar at the 
rate of 5 ml, serum to 35 ml. agar, pipetted Into 10x1 cm. 
test tubes, and allowed to congeal. Antigens consisting of 
finely ground normal or pneumonic lungs which had been quick-
frozen and thawed 4 times were layered on the surface of the 
serum-containing agar in the tubes. Duplicate sets were kept 
at room temperature (26 C) and at 37 C and observed daily for 
lu aays for lines of precipitation. 
In performing the Ouchterlony tests, both 1 per cent and 
1.5 per cent agar were used. Six wells 6 mm. in diameter were 
cut concentrically around an identical central well at a dis­
tance of 6 mm. Preinoculation sera, 4-week postinoculation 
sera and adsorbed 4-week postinoculation sera were pipetted 
into the central wells of plates prepared in this way. The 
peripheral wells were then filled with the following; 
1. phosphate-buffered saline (PBS) 
2. concentrated suspension of pneumonic lung 
in PBS 
3. concentrated suspension of normal lung in 
PBS 
4. concentrated suspension of feline pneumonitis 
infected yolk-sac in PBS 
5. Bordetella bronchiseptica infected yolk 
6. concentrated suspension of pneumonic lung 
in PBS 
All the antigens were quick-frozen and thawed 4 times before 
use. Plates were kept at room temperature (26 C) and at 37 C 
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and observed dally for 12 days for evidence of precipitation 
lines. 
Skin sensitivity tests 
An attempt was made to develop a skin sensitivity test 
for use in the diagnosis of virus pneumonia of pigs. Two 
techniques were used for the preparation of antigens for the 
skin tests. A modification of the technique described by 
Gourlay (1964) for the preparation of skin-test antigen for 
Contagious Bovine Pleuropneumonia was used as follows: 
1. Prepare 20 per cent suspensions of normal and 
pneumonic lung in phosphate-buffered saline 
pH 7.2. 
2. Centrifuge at 15OO G for 15 minutes and collect 
10 ml. supernatant fluid. 
3. Add an equal volume of 5 M urea, giving a final 
concentration of 2.5 M urea. 
4. Disintegrate antigen particles at 4 C for 1 hour 
using a Branson LS-75 Sonifier^ at 30 kilo­
cycles/sec. at maximum power. 
5. Add equal volume of (NH2,)p SO. saturated at 4 C. 
Mix well and stand overnight at 4 C. 
6. Centrifuge at 2000 G for 30 minutes at 4 C. 
7. Remove supernatant fluid, resuspend sediment 
in 12 ml, 2.5 M urea, add equal amount of 
SO^i as before, mix and stand overnight 
8. Centrifuge at 2000 G for 30 minutes at 4 C, 
^Branson Ultrasonic Corporation, Stamford, Connecticut 
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9. Resuspend sediment In 5 ml. 2.5 M urea. 
10. Store at 4 C in sealed vials until required. 
The second technique used for antigen preparation was a 
modification of the method described by Barwell (1952) for 
the preparation of Psittacosis antigens. The antigen was 
prepared as follows; 
1. Prepare 20 per cent suspensions of normal and 
pneumonic lung in phosphate-buffered saline 
pH 7.2. 
2. Centrifuge at 1500 G for 15 minutes and collect 
5 ml. supernatant fluid. 
3. Immerse in boiling water bath for 20 minutes. 
4. Seal in vials and store at 4 C until required. 
Eight pigs which had been inoculated intranasally with 
pneumonic lung 6 weeks previously were used in the trial. 
Each pig was inoculated intradermally with 0,1 ml. of each of 
the control and pneumonia antigens, injections being made in 
the thin skin in the anterior sternal region. Skin measure­
ments were made prior to inoculation and again after 24, 48 
and 72 hours. Temperatures were taken each time prior to 
measuring the skin. The pigs were necropsied at the termina­
tion of the trial, and all 8 were found to have gross and 
microscopic lesions of virus pneumonia of pigs. 
On the basis of a thermal response observed in the first 
trial, a second trial was performed in which 3 virus pneumonia 
Infected pigs and 3 normal pigs were each inoculated intra­
dermally with 0,1 ml. and subcutaneously with 0,5 ml, of the 
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pneumonia antigens. Temperatures were taken prior to inocu­
lation and after 24 and 48 hours. The pigs were necropsied 
at the termination of the trial, and gross and microscopic 
lesions of virus pneumonia of pigs were found in all 3 of the 
infected pigs, but no lesions were present in the uninocu-
lated controls. 
Complement fixation test 
An attempt was made to demonstrate complement fixing anti­
bodies to the Psittacosis group of agents in the sera of sheep 
inoculated with the causative agent of virus pneumonia of pigs. 
The tests were performed through the courtesy of Dr. L, A. 
Page^ who also supplied the antigens. The direct complement 
fixation technique described by Page and Bankowski (i960) was 
used. The serum titers were expressed as the reciprocal of 
the highest dilution of serum giving complete fixation of 2 
exact units of complement with 2 units of antigen. All serum 
dilutions were made after inactivation of serum at 5b C for 30 
minutes. 
Tne test was set up by mixing 0.25 ml. of the appropriate 
serum dilution with 0.25 ml. complement, 0.25 ml. antigen, and 
0.25 ml. veronal buffered saline, pH f.2. The mixtures were 
incubated at 37 C for 120 minutes, after which O.5 ml. sen­
sitized sheep erythrocytes were added to each tube. After 
^Dr. L. A. Page, National Animal Disease Laboratory, 
Allies, Iowa. 
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shaking thoroughly the mixtures were neld at 4 C overnight, 
Tae tests were read trie following morning, the titer being 
the highest dilution that completely resisted hemolysis. 
Sheep preinoculation sera as well as 1, 2, 3> 4, 9 and 
10 week postinoculation sera were tested for antibodies 
against 4 different psittacosis-group antigens and normal 
chicken yolk sac antigen. The 4 psittacosis antigens were; 
1. Turkey ornithosis grown in chicken yolk-sac. 
2. Turkey ornithosis grown in duck yolk-sac. 
3. Pigeon ornithosis grown in chicken yolk-sac. 
4. Pigeon ornithosis grown in duck yolk-sac. 
The appropriate cell, hemolysin and serum controls were 
included. 
Fluorescent antibody techniques 
An attempt was made to develop an indirect fluorescent 
antibody technique for use in the diagnosis of virus pneu­
monia of pigs. The antisera used in the tests were from 
sheep and a boar prepared as described previously. 
Antigen preparation The organism which was isolated 
from pneumonic lung was propagated in Hanks' balanced salt 
solution plus 0.5 per cent LH, 0.01 per cent Difco^ yeast 
extract, and 20 per cent heat-inactivated "Hypogamma Calf 
^Difco Laboratories, Inc., Detroit, Michigan. 
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Serum^", After 7 days incubation at 37 C a distinct spiral 
was observed in tubes that were shaken gently, and it was 
assumed that growth had occurred. The organisms were sedi-
mented by centrifugation at 4000 G for 20 minutes, and the 
button was resuspended in a few drops of the growth medium. 
One drop of the suspension was placed onto each of several 
clean slides, air-dried and fixed by gentle heating over a 
flame. One smear was fixed with methyl alcohol, stained with 
Giemsa, and examined microscopically to confirm the presence 
of the organisms. Mycoplasma granularum was propagated in 
the same medium and smears were prepared as described for the 
agent of virus pneumonia of pigs. 
Staining procedure Two to 3 drops of preinoculation 
and postinoculation boar serum were applied to separate slides 
which were then placed in a humidity chamber to prevent 
evaporation, and incubated at 37 C for 30 minutes. The serum 
was washed off with pH 7.2 Bacto-FA buffer, and a drop of 
Bacto-PA-Porcine Globulin Antiglobulin (Rabbit) was applied 
to the surface of each slide. In addition the conjugate was 
applied to slides which had not been treated with preinocula­
tion or postinoculation serum. The slides were placed in a 
humidity chamber and held at room temperature for 30 minutes, 
they were then washed in the buffer for 10 minutes with 2 
changes of the buffer solution. The slides were blotted dry 
^Grand Island Biological Company, Inc., Grand Island, N.Y. 
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between 2 pieces of lint-free absorbent paper, and cover-
slips were applied using Bacto-PA Mounting Fluld^. The tests 
with sheep sera were performed In the same way except that 
Bacto-PA-Sheep Globulin Antiglobulin (Rabbit)^ conjugate was 
used. 
Microscope The slides were examined with an AO^ 
p 
microscope equipped with a Pluorolume illuminator and the 
appropriate filters as described previously for acrldlne orange 
staining. 
Drug Sensitivity 
Tylosln sensitivity 
Three experiments have been performed to determine the 
in vivo sensitivity of the agent of virus pneumonia of pigs 
3 to Tylosln tartrate (Tylan Injectable). The first experiment 
was designed to demonstrate the prophylactic effect of a 
single intramuscular injection of Tylosln tartrate on the 
development of lesions of virus pneumonia of pigs. An addi­
tional objective was to determine the effect of uncomplicated 
virus pneumonia of pigs on the growth rate of the affected 
pigs. 
^Dlfco Laboratories, Inc., Detroit, Michigan, 
2 
American Optical Company, Chicago, Illinois. 
^Eli Lilly and Company, Greenfield, Indiana, 
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Twenty-four pigs approximately 6 weeks old were divided 
into 3 groups of 8 by random numbers selection and housed in 
separate isolation units. All the pigs were weighed at the 
start of the experiment, again after 4 weeks and at the 
termination of the experiment after 10 weeks. Daily approxi­
mations of feed and water consumption were made throughout 
the experiment. 
Two of the 3 groups were inoculated intranasally with a 
10 per cent suspension of virus pneumonia of pigs lung sus­
pension. The inoculations were repeated on the 1st, 3rd and 
4th days after initial exposure. One group of pigs received 
a single deep intramuscular injection of 10 mg./kilogram of 
Tylosin tartrate on the 10th day after initial inoculation 
with the agent of virus pneumonia of pigs. All the pigs were 
killed between 10 and 11 weeks postinoculation and examined 
for gross lesions. The location and extent of lesions were 
recorded and specimens were collected for histological and 
bacteriological examination. Primary swine kidney cell cul­
tures were inoculated with pneumonic lung suspension and 
examined daily in an efforo to demonstrate cytopathogenic 
viruses. 
The effect of long-term oral administration of Tylosin 
tartrate^ (Tylan 40) on established cases of virus pneumonia 
of pigs was evaluated. Twelve pigs were inoculated 
^Eli Lilly and Company, Greenfield, Indiana, 
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intranasally with a 10 per cent virus pneumonia of pigs lung 
suspension. The inoculations were repeated 3 times at 2 day 
intervals, and the pigs were observed until the 21st day after 
initial inoculation. By a process of random selection the 
pigs were divided into 2 groups and housed separately. One 
group was fed a complete ration containing 1000 gm./ton 
Tylosin tartrate while the other group received the same basal 
ration without medication. Seven weeks later all the pigs 
were killed and examined for gross pneumonic lesions. Speci­
mens were collected for histological and bacteriological 
examination, and also for pig inoculation to determine whether 
the agent was still present in the lesions. Three pigs were 
inoculated twice at 2 day intervals with a suspension prepared 
from pooled lungs collected from the treated group. These 
pigs were killed 8 weeks later and examined for gross and 
microscopic evidence of virus pneumonia of pigs. 
An experiment was performed to determine whether pigs 
receiving feed containing high levels of Tylosin tartrate 
(Tylan 40) at the time of Inoculation with the agent of virus 
pneumonia of pigs, would be resistant to infection. Eight 
pigs were divided into 2 groups of 4 and housed separately 
in Isolation. The untreated control group were fed a com­
plete basal ration with no drug additives throughout the 
trial, while the treated group were fed the same ration to 
which had been added 1000 gm./ton Tylosin tartrate. 
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The pigs were fed these feeds for 7 days before all the 
pigs in both groups were inoculated intranasally with a 10 
per cent pneumonic lung suspension. The inoculations were 
repeated twice at 2 day intervals. All the pigs were killed 
21 days after initial exposure to the agent and examined for 
gross and microscopic lesions of virus pneumonia of pigs. 
Bacteriological examinations were made of specimens collected 
from the lungs. Touch preparations were made from freshly 
cut lesions, stained with Giemsa and orcein and examined 
microscopically. 
A trial was performed to determine the i^ vitro sensi­
tivity to Tylosin of the organism isolated in artificial 
medium from pneumonic lung. A series of dilutions of Tylosin 
tartrate^ ranging from 100 jugm./ml. to 0.05 were 
made in the Hanks' growth medium. The tubes containing the 
drug dilutions were Inoculated with 4th serial passage cul­
ture of the organism each tube receiving the same Inoculum, 
One control tube was inoculated with the organism and no drug 
and another received 100 ^ m./ml. drug but no organisms. All 
tubes were examined for evidence of growth on the 2nd, 3rd 
and 4th days postlnoculation. 
^Ell Lilly and Company, Greenfield, Indiana. 
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Furaltadone sensitivity 
An experiment was performed to determine the vivo sen­
sitivity of the agent of virus pneumonia of pigs to Furalta­
done^ (Valsyn Water Mix). Thirty-four pigs approximately 6 
weeks old were divided by random selection into 4 groups, 2 
with 9 pigs and 2 with 8 pigs. One group of 9 pigs was 
started on Valsyn Water Mix at a level of 6.6 gm./gal. of 
drinking water 2 days prior to inoculation, and continued on 
this medication for 21 days. Waterers were drained, cleaned 
and replenished with medicated water every 3 or 4 days. A 
2nd group of 9 pigs was started on tne same regimen of Valsyn 
treatment on the 13th day after Intranasal inoculation with 
pneumonic lung suspension. The treatment was continued for 
21 days, discontinued for l8 days, and tnen renewed and con­
tinued for 24 days at which time the 2 treated groups to­
gether with the uninoculated control group and the Inoculated 
untreated control group were killed. The pigs were examined 
for gross lesions and specimens were collected for histologi­
cal, bacteriological and vlrological examination. 
Chlortetracycline sensitivity 
An experiment was performed to determine the vivo 
sensitivity of the agent of virus pneumonia of pigs to 
chlortetracycline. Nine pigs were divided into 2 groups, one 
^Norwich Pharmacal Company, Norwich, New York. 
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of 4 and one of 5 pigs. The smaller group was fed a basal 
ration containing no drug. The other group received the 
same ration to which had been added 400 gm./ton chlortetra-
cycllne In the form of Aurofac 10^, One week after the pigs 
were started on these feeds, they were all Inoculated with a 
10 per cent lung suspension of virus pneumonia of pigs. The 
Inoculation was repeated twice at 2 day Intervals, All the 
pigs were killed 21 days after the first inoculation and 
examined for gross pneumonic lesions. Specimens were col­
lected for histological and bacteriological examination, 
and touch preparations were made from freshly-cut lung. 
Ether Sensitivity 
The ether sensitivity of the virus pneumonia of pigs 
agent was determined using the technique described by Andrewes 
and Horstmann (1949). A 10 per cent suspension of infected 
swine lung suspended in Dulbecco's phosphate broth (DPB) plus 
calf serum was centrifuged at 2000 G for 10 minutes. Eight 
ml. of the supernatant fluid was placed in each of 2 screw-
capped tubes. Two ml. of anhydrous ether^ (ether absolute) 
was added to one tube to give a final concentration of 20 per 
cent ether by volume. Two ml. of DPB plus calf serum was 
added to the other tube to bring its volume to 10 ml. Both 
^American Cyanamid Company, Princeton, New Jersey, 
^Mallinckrodt Chemical Works, New York, N.Y. 
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tubes were vigorously shaken and placed in a refrigerator at 
4 C for 24 hours. The contents of each tube was then poured 
into a sterile petri dish with the cover partly open and left 
for 30 minutes to allow the ether to evaporate. Both prepara­
tions were treated similarly. 
Eight pigs were divided into two groups of 4 and housed 
separately. One group was inoculated intranasally with the 
ether-treated suspension while the control group received the 
untreated suspension. Each pig received 2 ml. of the inoculum. 
The pigs were necropsied 8 weeks postinoculation and repre­
sentative samples were collected for histological and bac­
teriological examination. 
Viral Interference 
An experiment was performed to determine whether the virus 
pneumonia of pigs agent Inoculated into cell cultures would 
interfere with the growth of six different viruses. Primary 
swine kidney cell cultures, prepared according to a previously 
reported technique (Switzer, 1959)* were inoculated with a 10 
per cent suspension of virus pneumonia of pigs lung which had 
been filter-clarified through an 800 m^ APD membrane. The 
inoculated cell cultures were incubated for 48 hours at 37 C 
and used to titrate the following 6 viruses: 
1. Newcastle disease virus (NDV), G.B, strain which had 
been adapted to growth in primary swine kidney cell 
cultures and passaged 72 times. An easily recogniza­
ble cytopathlc effect was present in cell cultures 
2 days postinoculation. 
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2. Pseudorabies virus isolated in serial passage swine 
kidney cell cultures from infected rabbit brain 
kindly supplied by Dr. R. E. Shope^. This virus was 
further passaged once in primary swine lung cell 
cultures and 3 times in primary swine kidney cell 
cultures, 
3. Virus BTS-43 isolated in primary swine kidney cell 
cultures from the nasal cavity of a pig, and 
passaged 15 times in primary swine kidney cell 
cultures. 
4. Ohio ECPO-1 virus kindly supplied by Dr. E. H. Bohl^, 
and passaged 5 times in primary swine kidney cell 
cultures since receipt. 
5. Sturdy virus isolated from a rectal swab from a pig 
with diarrhea, and passaged 32 times in primary 
swine kidney cell cultures. 
6. Infectious Canine Hepatitis (ICH) virus .3 
The Sturdy, BTS-43 and Newcastle disease viruses were 
supplied by Dr. W, P, Switzer^. 
Control titrations were run in cells which had not been 
inoculated with the virus pneumonia of pigs agent. 
The BTS-43 and Ohio ECPO-1 viruses produced the type 2 
cytopathic effect described by Switzer and L'Ecuyer (i960). 
This change is characterized by incomplete rounding and gran­
ularity of affected cells, followed by nuclear and cytoplasmic 
^Dr. R, E, Shope, Rockefeller Institute, New York, N.Y. 
^Dr. E, H. Bohl, Department of Bacteriology, Ohio State 
University, Columbus, Ohio. 
^Infectious Canine Hepatitis Vaccine, Modified Live 
Virus, Promm Laboratories, Grafton, Wisconsin. 
^W, P. Switzer, D.V.M., Iowa Veterinary Medical Research 
Institute, Ames, Iowa, 
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disintegration and formation of cytoplasmic strands. Switzer^ 
has shown that they are serologically distinct. The Sturdy 
virus produced the type 3 cell destruction characterized by 
rounding and enlargement of affected cells followed by dis­
integration, clumping and release of the cells from the glass. 
According to Switzer^, this swine enterovirus is serologically 
distinct from the previous two. 
Virus titrations were performed by serial 10-fold dilution 
of the viruses from 10"^ to 10"?, followed by inoculation of 
cell culture tubes containing 2 ml, culture medium. Each tube 
received 0.2 ml. of the virus dilution. This resulted in 
final virus dilutions of 10"^ to 10~®. The infected cell 
sheets were examined daily for evidence of cytopathic effects, 
and the results were recorded. Fifty per cent end points were 
calculated by the method of Reed and Muench (1938). 
The virus pneumonia of pigs inoculum used to infect the 
cell sheets was subsequently shown to be viable by pig 
inoculation. 
Experimental Mycoplasma pneumoniae Infection of Swine 
The strain of Mycoplasma pneumoniae (Eaton agent) used 
for swine Inoculation was obtained through the courtesy of 
^Dr, W, P, Swltzer, Iowa Veterinary Medical Research 
Institute, Ames, Iowa, Serological relationships between 
swine enteroviruses. Personal communication, 1965. 
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Dr. R. M. Chanock^. A 6 day-old culture of the agent grown 
In the broth medium described by Chanock et al. (1962b) 
served as the inoculum. Each of 2 pigs received 5 ml. of 
this inoculum by each of the following routes of administra­
tion; intravenous, intraperitoneal and intranasal. Clinical 
examinations were made and temperatures were taken daily for 
2 weeks prior to inoculation and for 6 weeks postinoculation. 
At this time the pigs were killed and lung specimens were col­
lected for histological examination. Lung, heart surface, 
peritoneal cavity and nasal turbinates were cultured on horse-
blood agar, PPLO agar (Chanock et al., 1962a), and beef heart 
infusion agar with avian serum (Ross and Switzer, 1963) to 
determine the presence of microorganisms. 
^Dr. R. M. Chanock, National Institute of Allergy and 
Infectious Diseases, Bethesda, Maryland, 
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RESULTS 
Propagation Experiments 
Cell cultures 
The characteristic gross and microscopic lesions of virus 
pneumonia of pigs were found in 1 of 3 pigs necropsied 5 weeks 
after inoculation with 3rd serial passage lung cells which had 
been established from lesions of experimentally produced virus 
pneumonia of pigs. The gross lesions involved approximately 2 
per cent of the lungs and were confined to the left apical lobe 
and the periphery of the left diaphragmatic lobe. Microscopic 
examination of the lungs revealed the characteristic peri­
bronchiolar and perivascular lymphoid hyperplasia and marked 
thickening of the alveolar walls resulting from interstitial 
mononuclear leucocyte and fibroblast proliferation. Numerous 
giant cells were encountered in the areas of cellular pro­
liferation. The microscopic lesions encountered in this pig 
are illustrated in Figures 2 and 3. Mild but definite micro­
scopic lesions of virus pneumonia of pigs were encountered in 
the other 2 pigs inoculated with the same suspension. 
No gross or microscopic lesions were found at necropsy of 
pigs inoculated with 7th and 8th serial passage swine lung 
cells established from pneumonic lesions. Similarly no 
lesions were present in pigs which were inoculated with 
normal serial passage swine lung cells which had been 
Figure 2. Peribronchiolar lymphoid hyperplasia and alveolar 
interstitial thickening with fibroblast prolifera­
tion and giant cell formation. Lesions from pig 
inoculated with 3rd serial passage cell cultures 
established from pneumonic lung. Hematoxylin and 
eosin stain. X 100. 
Figure 3. Peribronchiolar and perivascular lymphoid hyper­
plasia and alveolar Interstitial thickening with 
fibroblast proliferation. From pig inoculated 
with 3rd serial passage cell cultures established 
from pneumonic lung. Hematoxylin and eosin stain. 
X 100. 
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inoculated with pneumonic lung suspension. 
Three pigs were inoculated with a suspension prepared 
from the 8th serial transfer of virus pneumonia of pigs agent 
in serial passage swine lung cells grown at 37 C in a 95 per 
cent Og, 5 per cent COg environment. The pigs were examined 
for lesions of virus pneumonia at necropsy 3 weeks later, but 
no gross or microscopic lesions were found. No lesions were 
found in 3 control pigs inoculated with a suspension of nor­
mal serial passage swine lung cells. 
Artificial media 
An organism was successfully propagated in Hanks' bal­
anced salt solution with 0.5 per cent LH, 0.01 per cent yeast 
extract, 200 units/ml. penicillin, and 20 per cent heat-inac­
tivated swine serum. A distinct growth spiral could be demon­
strated 2 days after inoculation by gently shaking the tubes. 
Serial passages at 2 to 5 day intervals were performed and it 
was found that transfer at 3 or 4 day intervals was optimal. 
After 3 serial passages very poor growth was observed, but by 
the 7th transfer adaptation appeared to have occurred and dis­
tinct growth could thereafter be demonstrated from 2 days 
postinoculation onwards. 
Giemsa stained preparations of the organisms were exam­
ined microscopically. Extremely small bluish-purple coccoid 
and cocco-bacillary organisms measuring from 300 to 500 my. 
predominated, but ring forms measuring up to 2^ in diameter 
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were occasionally observed. No change in the morphology of 
the organisms resulted from serial passage in the absence of 
penicillin. The characteristic appearance of the organisms is 
illustrated in Figures 4, 5, and 6, Figures 7 and 8 illustrate 
the appearance of Mycoplasma hyorhinis and Mycoplasma granu-
larum stained with Giemsa, Orcein stained the organisms very 
densely, but too much stain deposit remained on the slides 
after washing, and Giemsa was considered the stain of choice. 
The organisms were found to be weakly Gram negative. 
Successful colony growth was observed on agar plates pre­
pared with Hanks' growth medium and inoculated with a Micro­
coccus sp. nurse colony in addition to the virus pneumonia of 
pigs inoculum. Distinct satelliting adjacent to the nurse 
colony was observed. No enhancement of colony growth was ob­
served in agar media containing the 5 per cent lung extract. 
Very slow growth was observed on the same agar media in the 
absence of the nurse colony, the first colonies being visible 
after 6 days incubation, whereas with the nurse colony dis­
tinct colonies were seen after 2 days. 
Direct isolation of the organisms from pneumonic lung 
suspensions was achieved in addition to the colony growth ob­
served when agar surfaces were inoculated with the organisms 
grown in artificial media. The appearance of the colonies is 
illustrated in Figures 9 and 10, After 2 days very small 
round colonies were observed, and on the 3rd day distinct 
central raised areas as illustrated in Figures 9 and 10 were 
Figure 4. Cluster of coccold organisms in sediment from 7th 
serial passage culture of pneumonia agent in cell-
free media. Glemsa stain. X 970. 
Figure 5. Coccold organisms in sediment from 7th serial 
passage culture. Glemsa stain. X 970. 
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Figure 6. Clusters of bluish-purple coccold to cocco-
bacillary organisms and numerous ring forms in 
sediment from 7th serial passage culture of pneu­
monia agent in cell-free media. Giemsa stain. 
X 1250. 

Figure 7» Sediment from culture of Mycoplasma hyorhlnls 
Glemsa stain. XI250, 
Figure 8. Sediment from culture of Mycoplasma granularum. 
Note dense-staining granules. Glemsa stain. 
X 1250. 

Figure 9. Colonies on surface of agar Inoculated with suspen­
sion of pneumonic lung 3 days previously. Note 
distinct central raised areas on larger colonies, 
X 35. 
Figure 10, Colonies with distinct central raised areas. 
Higher magnification of culture illustrated in 
Figure 9, X 70, 
\ 
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observed. At this stage the largest colonies observed measured 
between 50 and QOp. , On the 6th day postinoculation some in­
crease in size of colonies was observed, the largest measuring 
100yU in diameter. The central raised area became more dis­
tinct as the colonies aged, and the surfaces of the colonies 
appeared to become somewhat rougher. The largest colony ob­
served after 10 days growth measured 100/J. in diameter. 
Nine pigs were inoculated with the agent grown in arti­
ficial media, 3 pigs were inoculated with a mixed culture of 
the virus pneumonia of pigs agent and Mycoplasma hyorhinls, 
and 3 control pigs received the uninoculated Hanks' growth 
medium. No gross or microscopic lesions of virus pneumonia 
of pigs were observed in the control group of pigs or in the 
3 pigs inoculated with the mixed culture when they were ne-
cropsied 21 days postinoculation. The characteristic gross 
lesions of virus pneumonia of pigs were observed in 3 of the 6 
pigs which were inoculated with 7th serial passage of the or­
ganism in artificial medium. The lesions involved approxi­
mately 3 to 6 per cent of the lungs and were present in the 
right cardiac lobe in each case, and in addition, in tne right 
apical, left cardiac and intermediate lobes in one case. The 
characteristic appearance of the gross lesions is illustrated 
in Figures 11 and 12. The appearance of the lungs of a con­
trol pig injected with uninoculated growth medium is illus­
trated in Figure 13. All 3 pigs inoculated with the 8th 
passage level of the organism in artificial medium were found 
Figure 11, Ventral view of lungs with gross pneumonic le­
sions in apical, cardiac, diaphragmatic and inter­
mediate lobes. From pig inoculated with 7th serial 
passage culture of organism grown in cell-free 
media. 

Figure 12. Dorsal view of lungs illustrated in Figure 11. 
Note pneumonic lesions in right and left car­
diac lobes, right apical lobe and anterior edge 
of left diaphragmatic lobe. 
Figure 13. Normal lungs from control pig inoculated with un-
inoculated growth medium. 
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to have characteristic gross pneumonic lesions at necropsy. 
The lesions involved from 3 to 8 per cent of the lungs, the 
intermediate lobe being affected in each case, the right and 
left cardiac lobes in 2 out of the 3 pigs, and the anterior 
margin of the right diaphragmatic lobe in one case. 
The characteristic microscopic lesions of virus pneu­
monia of pigs were encountered in 7 of the 9 pigs inoculated 
with the agent grown in artificial medium. The perivascular 
and peribronchiolar accumulation of mononuclear cells was 
prominent and marked infiltration and resultant thickening of 
the alveolar walls was observed. Giant cells were occasionally 
encountered. The lesions illustrated in Figures l4 and 15 are 
typical of those encountered in each of the 7 affected pigs. 
Minute organisms were demonstrated in Giemsa-stained touch 
preparations prepared from freshly-cut surfaces of pneumonic 
lesions. 
The organism was successfully reisolated in Hanks' broth 
and agar media from lesions collected at necropsy. The colony 
growth observed on plates inoculated with pneumonic lung sus­
pensions is illustrated in Figures 9 and 10, No growth of 
Mycoplasma spp, or other organisms was observed in beef heart 
infusion-turkey serum medium inoculated with the same suspen­
sions of pneumonic lung. No Bordetella bronchiseptica, 
Pasteurella multocida, Haemophilus spp, or Streptococcus spp. 
were isolated from the lesions. 
Figure l4. Perivascular lymphoid hyperplasia and alveolar in­
terstitial thickening with fibroblast prolifera­
tion and mononuclear cell infiltration. Lesions 
from pig Infected with 7th serial passage culture 
of pneumonia agent in cell-free media. Hematoxy­
lin and eosin stain. X 100. 
Figure 15. Pronounced peribronchiolar and perivascular 
lymphoid hyperplasia and alveolar interstitial 
thickening. Note occlusion of alveolar spaces. 
Lesions from pig inoculated with 7th serial pas­
sage culture of pneumonia agent in cell-free 
media. Hematoxylin and eosin stain. X 100. 
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Repeated attempts were made to isolate an agent from pneu­
monic lung using the swine Mycoplasma medium, various modifi­
cations of this medium, several avian Mycoplasma media, and 
the medium used for propagation of the human pathogen 
Mycoplasma pneumoniae. Broth and agar forms of each of these 
media were used, but no growth of organisms could be detected. 
Addition of a Micrococcus sp. nurse colony did not result in 
growth of the organisms on these media. 
Chicken embryos 
No consistent mortality pattern was observed in repeated 
attempts to propagate the agent of virus pneumonia of pigs in 
the yolk-sacs of embryonated hens eggs. Occasional sporadic 
deaths were observed, but on sub-passage of material from 
these eggs, no mortality occurred. Blind passages to the 6th 
passage level produced no change in this pattern. No lesions 
were observed on examination of chicken embryos 7 days post-
inoculation. 
Microscopic examination of Giemsa and Macchiavello 
stained yolk-sac smears revealed no microorganisms. 
Three pigs which had been inoculated with a pooled 2nd 
and 6th serial passage embryo and yolk-sac suspension were 
necropsied 3 weeks postinoculation. No gross or microscopic 
lesions of virus pneumonia of pigs were observed. 
No lesions were found in embryonated eggs which had been 
inoculated with a suspension of pneumonic lung by the 
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chorlo-allantolc membrane route of Inoculation. No mortality 
was observed in eggs infected in this way. 
Mice 
No pneumonic lesions were elicited in 21 day-old mice 
inoculated intranasally with a virus pneumonia of pigs lung 
suspension, and blind passage of mouse lung did not produce 
pneumonic lesions. 
One group of mice injected intranasally with pneumonic 
lung suspension when 1 day old became sick l4 days postinocu­
lation and all but 4 died. The 4 remaining sick mice were 
killed on the 20th day, but no gross or microscopic lesions 
could be demonstrated. The lungs were collected, pooled with 
lungs from other inoculated mice, and serially passaged in 
mice. No further mortality or gross or microscopic lesions 
were encountered. 
Visualization Studies 
Touch preparations 
Extremely small coccoid to cocco-bacillary organisms and 
occasional ring forms were seen on microscopic examination of 
Giemsa-stained touch preparations prepared from freshly cut 
surfaces of pneumonic lung. They stained dark bluish-purple 
with Giemsa stain, and were just within the limits of resolu­
tion of the light microscope. Clusters of the organisms were 
most often encountered lying extracellularly closely 
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associated with cells. They occasionally appeared to be 
situated on the surface of cells, and definite intracellular 
aggregations were also encountered. Prolonged examination of 
touch preparations was often necessary before the organisms 
were found since they appeared to occur in definite foci. 
Once a focus was found, numerous clusters were usually 
demonstrable. 
The organisms were encountered in touch preparations from 
pigs necropsied 3 to 5 weeks postinoculation, but were not 
demonstrable in touch preparations prepared from lesions in 
pigs necropsied 8 weeks postinoculation. 
The size of the organisms as determined by the use of an 
eye-piece micrometer varied from less than 300 to 500 m^ in 
diameter. Those occurring intracellularly appeared to be en­
closed in large vacuoles,, and marked distension of infected 
cells was observed. This phenomenon is illustrated in Figure 
l6. The organisms which appeared supracellularly are illus­
trated in Figure I'f, Their supracellular occurrence was 
determined by focussing up and down through the focal depth of 
the cell, thus accentuating the fact that they were situated 
on the outside curvature of the cells and not in one plane as 
they appeared to be when situated intracellularly. The var­
iation in the size of the clusters of organisms encountered 
in touch preparations is illustrated in Figures IW, 19, 20, 
and 21, Tne slightly elongated cocco-bacillary form of the 
Figure lb. Large cluster of coccold organisms in cytoplasm 
of cell. TOUCH preparation from pneumonic le­
sion. Glemsa stain. X 970. 
Figure lY. Organisms on outside surface of cell. Touch prepa­
ration from pneumonic lesion. Giemsa stain, 
X 9Y0. 
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Figure Iti, Extracellular organisms snowing tendency toward 
cocco-bacillary form, I'oucn preparation from 
pneumonic lesion, Giemsa stain. X 970, 
Figure 19. Large extracellular accumulation of coccoid or­
ganisms with a few distinct ring forms. Touch 
preparation from pneumonic lesion. Giemsa stain. 
X 970. 
i 
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Figure 20. Small clusters of extracellular coccoid organisms. 
Touch preparation from pneumonic lesion. Giemsa 
stain. X 970. 
Figure 21. Very large accumulation of coccoid organisms 
closely associated with lymphocytes and large 
macrophage. Touch preparation from pneumonic 
lesion, Giemsa stain. X 970. 
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organism Is Illustrated In Figure l8, and the ring forms In 
Figure 19. The organisms were not observed In touch prepara­
tions prepared from normal lung. 
Attempted Isolation of bacteria, especially Mycoplasma 
hyorhlnls and M, granularum from lungs from which the touch 
preparations were made, was consistently negative. 
Histological sections 
The lesions encountered in pigs experimentally Infected 
with strain 11 of the agent of virus pneumonia of pigs varied 
considerably. Perivascular and peribronchiolar lymphoid 
hyperplasia was consistently encountered, and specimens were 
not considered positive unless this change was observed. The 
degree of hyperplasia was quite variable, being very pro­
nounced and practically the only lesion present in some cases 
(Figures 58 and 59)* while in other Instances it was asso­
ciated with marked alveolar interstitial thickening, septal 
cell proliferation and neutrophil infiltration (Figures 51 and 
61), Interstitial giant cell formation was frequently en­
countered in lesions from pigs experimentally Infected with 
the agent. This phenomenon was not encountered in pigs in­
fected with the early pig passage levels of the agent, but 
after the 4th serial passage, giant cells were frequently 
demonstrable. The typical appearance of the giant cells is 
illustrated in Figures 2, 22 and 50. An increase of Intra-
alveolar connective tissue was usually associated with the 
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giant cell formation. 
Catarrhal bronchiolitis was occasionally observed in early 
cases of virus pneumonia of pigs, but in most cases the bron-
chiolar epithelium appeared normal. Sub-epithelial infiltra­
tion of lymphocytes in the bronchioli was occasionally ob­
served (Figure 57). 
The small coccoid organisms which were observed in touch 
preparations were also demonstrated in sections of pneumonic 
lung stained with Giemsa. They were most often encountered on 
the surface of the bronchiolar epithelium, but could also be 
demonstrated in the alveoli and rarely in swollen septal cells. 
The organisms were not found in lesions of more than 5 weeks 
duration, but were quite frequently encountered in sections 
prepared from lesions collected 3 weeks postinoculation. Their 
characteristic appearance is illustrated in Figures 23 and 24, 
Cell cultures 
Cell cultures which were established from pneumonic lung, 
and which after 3 serial passages were found to be infective 
by pig inoculation, were stained with Giemsa and examined 
microscopically. Occasional cells were found to contain the 
coccoid organisms in their cytoplasm or on the surface of the 
cells. The organisms were not numerous, but when encountered 
could be easily visualized. The characteristic appearance of 
normal and infected cell sheets is illustrated in Figures 
25, 26, 27, and 28, Normal serial passage swine lung cells 
Figure 22, Giant cell with peripheral nuclei. Note pro­
nounced alveolar interstitial thickening with 
mononuclear cell infiltration. Hematoxylin and 
eosin stain. X 430. 
Figure 23. Cocco-bacillary organisms on surface of bronchi-
olar epithelium. Section of pneumonic lesion. 
Giemsa stain, X 900. 
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Figure 24. Clumps of coccoid organisms on surface of bron-
chiolar epithelium. Section of pneumonic lesion. 
Giemsa stain. X 900. 
Figure 25. Serial passage swine lung cell cultures estab­
lished from normal lung. Giemsa stain. X 100. 
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Figure 26. Higher magnification of cell sheet illustrated in 
Figure 25. Giemsa stain. X 430. 
Figure 27. Coccoid organisms in serial passage swine lung cell 
cultures infected with pneumonic lung suspension. 
Giemsa stain. X 430. 
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Figure 28, Extracellular clump of coccoid organisms in 
serial passage swine lung cells established from 
pneumonic lung. Giemsa stain, X 1100. 
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inoculated with filter-clarified pneumonic lung suspension 
were also found to contain the organisms (Figure 27). 
Acridine orange preparations 
The appearance of cell cultures of normal swine lung 
stained with acridine orange is illustrated In Figures 29 and 
30. The reddish-orange staining is characteristically asso­
ciated witn tiie Rima of the nucleoli and the ribosomes, while 
the green-staining DNA is confined to the nucleus. In cell 
cultures established from pneumonic lung, some deviations from 
the normal staining pattern were observed. Cells were occa­
sionally found to contain dense reddish-orange staining bodies 
assumed to represent focal accumulation of RNA. This phe­
nomenon is illustrated in Figures 31 and 32. Other cells 
were found to contain extranuclear green-staining bodies 
assumed to be accumulations of DNA (Figures 33 and 34). Both 
the red and the green bodies varied considerably in size, and 
were not encountered in all cell cultures of pneumonic lung. 
The reddish bodies were frequently encountered In touch 
preparations prepared from pneumonic lung and stained with 
acridine orange. They were not present in preparations of 
normal lung. 
Electron microscopic observations 
In an effort to gain familiarity with the ultrastruc­
ture of the normal pig lung the lungs of. 3 respiratory 
Figure 29. Normal swine lung cell culture. Acrldine orange 
stain. X 6OO. 
Figure 30. Higher magnification of normal swine lung cell cul­
ture illustrated in Figure 29. Acridine orange 
stain. X 1100. 
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Figure 31. Cell culture established from pneumonic swine 
lung. Note reddish-orange bodies in cell cyto­
plasm, one of them Indenting nucleus. Acridine 
orange stain. X 1100. 
Figure 32. Cell culture established from pneumonic lung. 
Several reddish-orange inclusions. Acridine 
orange stain. X 1100. 
l4o 
Figure 33. Cell culture of pneumonie lung with several 
greenish cytoplasmic inclusions. Acridine 
orange stain. X 1100. 
Figure 34. Cell culture of pneumonic lung with green in-
tracytoplasmic inclusion. Acridine orange 
stain. X 1100. 
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disease free pigs were examined with the electron microscope. 
A continuous alveolar lining epithelium was demonstrated. 
Two types of cells were found to be Involved In the formation 
of the alveolar epithelium. The predominant cell type 
characteristically possessed markedly attenuated cytoplasm 
with an average thickness of less than 0.5^^. Mitochondria 
and other cytoplasmic organelles were infrequently encountered. 
These cells rested on well-defined basement membranes and 
formed the main part of the alveolar lining. They will be re­
ferred to as "alveolar epithelial lining cells" consistent 
with the terminology proposed by Omar (1904). The character­
istic appearance of the alveolar epithelial lining cells is 
illustrated in Figures 35, 36, 37, and 38. The second type of 
cell was roughly polygonal in shape, and was characteris­
tically encountered In recesses of the alveolar lumina. These 
cells did not possess attenuated cytoplasm, but contained 
numerous mitochondria, lamellar bodies and other cytoplasmic 
organelles. Microvilli were often present on the free sur­
faces of these cells. They were very seldom found lying free 
in the alveolar spaces in the normal lung. These cells will 
be referred to as "septal cells" as suggested by Omar (1964). 
The typical appearance of a septal cell containing numerous 
lamellar bodies (Bensch et. al., 1964) is illustrated in Figure 
39. "intra-septal cells" (Omar, 1964) were occasionally en­
countered in the alveolar walls (Figures 37 and 38). 
Figure 35, Normal swine lung. Structure of wall separating 
capillary lumen (C) from alveolar space (A). 
Note attenuated cytoplasm of alveolar lining cell 
(EP), and overlapping at junction of capillary 
endothelial cells (EN). Basement membranes (BM) 
and caveolae intracellularis (arrows) are prom­
inent. Uranyl acetate stain. X 50,400. 
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Figure 36. Normal swine lung. Cross-section of capillary 
containing thrombocyte (T). Structure of wall 
separating alveolar space (A) from capillary 
lumen (C) very distinct. Numerous caveolae 
intracellularls (arrows) and a few mitochondria 
(m) are in evidence. Uranyl acetate stain. 
X 50,400. 
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Figure 37. Normal swine lung. Note attenuated cytoplasm of 
alveolar epithelial lining cell (EP) containing 
mitochondrion (M). Several mitochondria are 
present in an intra-septal cell (IS). Uranyl 
acetate stain, X 26,400. 
Figure 38. Normal swine lung. Note intra-septal cell with 
large nucleus (N) and mitochondria (M), and 
attenuated cytoplasm of alveolar epithelial 
lining cell (EP). Uranyl acetate stain. X 26,400. 
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Figure 39. Normal swine lung. Septal cell in recess of al­
veolar lumen (A). Note large centrally situated 
nucleus (N), mitochondria (M), lamellar bodies 
(L) and microvilli (MV). Uranyl acetate stain. 
X 26,400. 
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The ultrastructure of the walls separating the lumlna of 
the capillaries from the alveolar spaces is illustrated in 
Figures 35 and 36. The characteristic alveolar epithelial 
lining cell resting on its basement membrane was separated 
from the basement membrane of the capillary endothelium by a 
space of matrix of varying width in which collagen fibrils 
were occasionally encountered. Numerous micropinocytotic 
vesicles were present in both the alveolar epithelial and 
capillary endothelial cells. Caveolae intracellularis were 
present on the free and attached sides of both types of cells. 
No fenestration of the endothelium was observed, and at the 
Junction between adjacent cells, varying degrees of overlap­
ping could be demonstrated. 
Electron microscopic examination of lesions of virus 
pneumonia of pigs revealed a very marked increase in the 
number and size of septal cells. Tnese cells were frequently 
encountered lying loose in the alveolar spaces sometimes 
closely associated with neutrophiles or lymphocytes. Tne 
cytoplasm of the septal cells appeared to be markedly dis­
tended and contained large numbers of mitochondria, ribo-
somes and occasionally osmiophilic membrane-bound bodies with 
electron-dense central regions and electron-opaque periph­
eries. These bodies were occasionally encountered lying free 
in the alveolar spaces (Figure 45). They varied in size from 
200 to 350 muL in longest diameter. The characteristic 
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morphology of these bodies Is Illustrated In Figures 40 and 4l. 
The appearance of the distended free-lying septal cells Is 
illustrated In Figure 42. The typical appearance of an 
attached septal cell of the type In which the osmlophlllc 
bodies were encountered Is Illustrated In Figure 43. 
Occasionally bodies somewhat larger than those described 
previously were found In the cytoplasm of the septal cells. 
These structures were membrane-bound and contained numerous 
small membrane-bound bodies giving them a vesicular appear­
ance. The appearance of one of these veslculated structures 
Is Illustrated In Figure 44. 
What appeared to be an amorphous layer on the periphery 
of the alveolar spaces was observed In sections of pneumonic 
lungs (Figure 43). This material seemed to be associated with 
the distended septal cells and not the alveolar lining 
epithelium. 
Cell cultures which were established from lesions of 
virus pneumonia of pigs, and which after 3 serial cell pas­
sages were shown by pig inoculation to be infective, were 
examined with the electron microscope. Numerous electron-
dense bodies, some of them clearly membrane-bound, were en­
countered in the cytoplasm of some cells. These bodies 
measured from 200 to 450 nyi in diameter, occasionally con­
tained electron-dense "nucleoid" structures, and sometimes 
membranous whorls resembling the mesosomes of bacteria. 
Figure 40, Pneumonic swine lung. Membrane bound body (arrow) 
In cytoplasm of swollen septal cell. Note the 
electron-dense central portion of the body sur­
rounded by an electron-transparent zone. This 
body measured 300 m/Ji in its largest axis. A 
mitochondrion (m) and the nucleus of the cell (N) 
can be seen. Uranyl acetate stain. X 126,000. 
Figure 4l, Pneumonic swine lung. Several of the electron-
dense membrane-bound bodies (arrows) lying adja­
cent to the nucleus (N) of the cell. Uranyl 
acetate stain. X 125,000. 
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Figure 42. Pneumonic swine lung. Distended septal cells 
(arrows), neutrophile (NE) and erythrocyte (E) 
in alveolar space (A). Uranyl acetate stain. 
X 7,200. 
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Figure 43. Pneumonic swine lung. Amorphous material (arrow) 
in alveolar space (A). Note adherence of this 
material to surface of attached septal cell (SC). 
Uranyl acetate stain. X 7,200. 
Figure 44. (lower left) Pneumonic swine lung. Vesicular 
body (arrow) in cytoplasm of septal cell. Uranyl 
acetate stain. X 63,000. 
Figure 45. (lower right) Pneumonic swine lung. Free-lying 
body (arrow) in alveolar space (A). Uranyl 
acetate stain, X 63,000. 
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These "finger-print-like" whorls were centrally or periph­
erally situated. The characteristic appearance of the bodies 
encountered in the cells is illustrated in Figures 46, 47, 
and 48. Occasionally these bodies appeared to be partially 
or completely enclosed within larger membrane-bound inclu­
sions as shown in Figure 49. Osmiophilic inclusions resem­
bling those found in the virus pneumonia of pigs cell cul­
tures were not encountered in cell cultures established from 
normal swine lung. 
Filtration Studies 
In the first filtration trial a virus pneumonia lung sus­
pension was clarified through a membrane of 800 m^ APD, and 
was then divided into 4 aliquots, one of which served as a 
control while the other three were each passed through a mem­
brane of 650 TJX, 450 mjx or 300 m/JL APD. Pigs inoculated with 
the filtrates were necropsied 30 days postinoculation, and 
examined for lesions of virus pneumonia of pigs. All I6 pigs 
had characteristic gross lesions involving from 1 to I8 per 
cent of the lungs. On microscopic examination, the typical 
perivascular and peribronchiolar lymphoid hyperplasia was 
encountered in each case. No bacteria or Mycoplasma spp. 
could be isolated from the lungs. 
It was decided to include fowl-pox virus in the inoculum 
for the 2nd filtration trial. A preliminary size determina­
tion of the fowl-pox virus was performed using the 8OO ma. 
Figure 46. Cell culture established from pneumonic lung. 
Very distinct whorls (arrows) In electron-dense 
bodies. Nucleoid (N) prominent in body at lower 
right. Uranyl acetate stain, X 63,000. 
Figure 47, Cell culture established from pneumonic lung. 
Numerous electron-dense bodies in cytoplasm. Note 
membranous whorl (arrow) and nucleoid (N), Uranyl 
acetate stain. X 63,000. 
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Figure 48. Cell culture established from pneumonic lung. 
Note electron-dense body (arrow) with distinct 
peripheral membrane. Uranyl acetate stain. 
X 63,000. 
Figure 49. Cell culture established from pneumonic lung. 
Two membrane-bound bodies are partially enclosed 
within large membrane-bound structure (arrow). 
Golgi apparatus (G) and mitochondria (M) are 
distinct. Uranyl acetate stain. X 63,000. 
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450 m/j, 300 mju and 220 APD membranes. Embryonated hens 
eggs inoculated onto the chorio-allantolc membrane with each of 
the filtrates were opened 7 days postinoculation and examined 
for pox lesions. Distinct, clearly-defined lesions were 
present on the membranes of eggs inoculated with the 8oo mya, 
450 nyj and 300 mjx filtrates. No lesions were found on the mem­
branes of the eggs inoculated with the 220 xajx filtrate. 
Fowl-pox virus was added to the lung suspension to give a 
final dilution of 10"^ of the stock fowl-pox virus. The mix­
ture was filtered through 8oo mjiA, 450 njn, 300 mp and 220 m/A 
membranes and inoculated into pigs and onto the chorio-allan­
tolc membrane of 10 day-old embryonated eggs. One group of 
pigs was inoculated with fowl-pox virus alone. No pox lesions 
were encountered in the respiratory tracts of the pigs when 
necropsied 21 days postinoculation. All 3 pigs inoculated 
with the 800 nyo. filtrate had characteristic gross and micro­
scopic lesions of virus pneumonia of pigs. One of the 3 pigs 
receiving the 450 filtrate had characteristic gross pneu­
monia, and on microscopic examination typical lesions were 
present in this pig. Typical gross lesions were also found 
in 1 of 3 pigs receiving the 300 mya filtrate, and character­
istic lesions were encountered on microscopic examination of 
the lungs of this pig. The microscopic lesions resulting from 
inoculation with the 450 rr^ and 300 mp. filtrates are illus­
trated in Figures 50 and 5I. No gross or microscopic 
Figure 50. Peribronchiolar lymphoid hyperplasia, septal cell 
proliferation, neutrophil infiltration and giant 
cell formation. Lesions in pigs Infected wioxi 
450 ra/j-filtrate. Hematoxylin and eosin stain. 
X 100. 
Figure 51. Very pronounced peribronchiolar and perivascular 
lymphoid hyperplasia with septal cell prolifera­
tion and neutrophil infiltration. Lesions from 
pig infected with 300 nyj_filtrate. Hematoxylin 
and eosin stain. X 100. 
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pneumonie lesions were encountered in 4 pigs inoculated with 
the 220 ry. filtrate or in the 3 pigs inoculated with fowl-pox 
virus. The microscopic appearance of the lungs of pigs from 
the 2 negative groups is illustrated in Figures 52 and 53. 
The eggs inoculated with the mixed fowl-pox and lung 
suspension filtrates were examined for lesions 7 days post-
inoculation. Distinct pox lesions were present on the chorio­
allantoic membranes of eggs inoculated with the 800 nyi, 450 mjx. 
and 300 nyi filtrates and with the unfiltered fowl-pox virus. 
No lesions were found in eggs inoculated with the 220 m^u. fil­
trate or with virus pneumonia of pigs lung suspension. The 
appearance of the membranes from eggs inoculated with the 
300 m;.i and 220 ly. filtrates is illustrated in Figure 54. 
No bacteria or Mycoplasma spp. were isolated from lungs 
collected at necropsy, nor was fowl-pox virus isolated from 
these tissues. 
The results of the 2 filtration trials are summarized in 
Table 1. The normal lungs of a pig receiving the 220 nju fil­
trate and the pneumonic lungs of a pig receiving the 800 ryi 
filtrate are illustrated in Figures 55 and 56. 
Serology 
Agar-gel diffusion micro-precipitation tests 
Virus pneumonia of pigs antigen, feline pneumonitis anti­
gen, Bordetella bronchiseptica antigen and the appropriate 
Figure 52, Lung from pig inoculated with 220 m/jLfiltrate. 
No lesions in evidence. Hematoxylin and eosin 
stain, X 100, 
Figure 53. Lung from pig inoculated with unfiltered fowl-pox 
virus. No lesions observed. Hematoxylin and 
eosin stain, X 100, 
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Figure 54. Comparison of chorio-allantoic membranes from em-
bryonated eggs inoculated with 300 m^ and 220 
filtrates of mixture of pneumonic lung suspension 
and fowl-pox virus. Note congestion and distinct 
pox lesions in 300 nuo-membranes. 
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Figure 55. Normal lungs from pig inoculated with 220 mu 
filtrate. 
Figure 56, Gross pneumonic lesions in right apical and left 
cardiac lobes of lungs from pig inoculated with 
800 m^ filtrate. 
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controls were tested against virus pneumonia of pigs anti­
serum prepared in a boar or in sheep, using the single-dif-
fusion and double-diffusion agar-gel precipitation techniques. 
No lines of precipitation were observed in the single-diffu-
sion tests observed for a period of l6 days or in the double-
diffusion tests observed for 12 days. 
Skin sensitivity tests 
Eight pigs which had been Inoculated with pneumonic lung 
6 weeks previously and which were shown to have characteristic 
gross and microscopic pneumonic lesions at subsequent necropsy, 
were injected intradermally with 4 antigens prepared by 2 
techniques from normal and pneumonic lung. No significant 
increase in skin thickness was observed during a 72 hour 
observation period following inoculation. One of the 8 pigs 
had a temperature of 106.2 F on the second day postinoculation, 
but 24 hours later the temperature was back to normal. Fe­
brile responses were not observed in the other pigs. 
An attempt was made to determine whether a thermal 
response could be elicited with the antigens prepared from 
pneumonic lungs. No such reaction was observed in normal or 
in virus pneumonia infected pigs inoculated intradermally and 
subcutaneously with the antigens. 
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Complement fixation test 
Sera from sheep which had been inoculated witn tne agent 
of virus pneumonia of pigs were tested to determine the 
presence of complement fixing antibodies to h different psitta-
cosis-group antigens. Sera collected prior no inoculation and 
at 1, 2, 3, 4, and 10 weeks postinoculation were tested. Two 
sneep remained negative throughout tne orial, but in the other 
2 low antibody titres were observed against the antigen pre­
pared from the pigeon ornithosis agent grown in duck yolk-sacs. 
The serum of one sheep which had been immunized by intramuscu­
lar injection was positive at a dilution of 1:4 on the 1st, 
2nd, 3rd and 4th weeks postinoculation, after which no anti­
bodies could be demonstrated. The serum of one of the sheep 
immunized by intravenous inoculation also showed a titre of 
1:4 on the 1st, 2nd, 3rd and 4th weeks postinoculation after 
which the serum titre dropped. No antibodies to the other 3 
psittacosis group antigens or to the control antigens were 
demonstrated. 
Fluorescent antibody techniques 
Using the indirect fluorescent antibody technique, an 
attempt was made to demonstrate antibodies to the agent of 
virus pneumonia of pigs in sera from lambs and a boar which 
had been immunized with suspensions of pneumonic lung. Myco­
plasma granularum was Included In the trial as a control 
antigen. Examination of Glemsa stained smears Indicated that 
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very few organisms were present on the slides. No specific 
fluorescence could be demonstrated after exposure of the anti­
gens to postinoculation sera followed by the appropriate 
fluorescein-conjugated anti-species sera. 
Drug Sensitivity 
Tylosin 
The prophylactic effect of a single intramuscular injec­
tion of Tylosin tartrate in pigs infected with virus pneumonia 
was determined. At necropsy 4 of the 8 pigs in the untreated 
virus pneumonia infected group had pneumonic lesions involving 
approximately from 0.5 to 10 per cent of the lungs. Histo­
logical examination revealed lesions typical for virus pneu­
monia of pigs in all 4 of the pigs with gross lesions, and in 
2 of the pigs in which no gross lesions were evident. Six of 
the 8 Tylosin treated pigs had gross lesions involving 1 to 8 
per cent of the lungs, and on microscopic examination were 
shown to have the characteristic lesions of virus pneumonia 
of pigs. The gross lesions encountered in both these groups 
were most frequently present in the cardiac, apical, and in­
termediate lobes, but they were not confined to these areas. 
Three pigs in the uninoculated control group were found 
to have pneumonic areas involving approximately 1 per cent 
of the lungs. Microscopic examination revealed that 2 of the 
cases were typical of purulent bronchopneumonia, but in the 
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3rd one a few focal accumulations of lymphocytes resembling 
those seen in virus pneumonia of pigs were observed. A 
Pseudomonas sp, was recovered from the lungs of this pig. 
The supply herd was checked for the presence of lesions of 
virus pneumonia by necropsy of 6 normal pigs of approximately 
the same age as the experimental group. No lesions were en­
countered in this group or in any of the unlnoculated pigs 
subsequently necropsled from the herd. 
Bacteriological examinations of the lungs were negative 
for Bordetella bronchiseptica. Mycoplasma spp. Haemophilus spp,. 
Streptococcus spp. and Pasteurella multoclda. No cytopatho-
genic viruses were Isolated, 
The total feed and water consumption, average dally weight 
gain and pounds of feed/pounds of gain were calculated for 
each of the 3 groups of pigs. These figures are presented in 
Table 2. 
Although the average daily weight gain of the Infected 
group is somewhat lower than that of the other groups and the 
feed conversion efficiency appears to be slightly decreased, 
the difference is so small that no conclusion can be drawn as 
to the significance of this finding, A larger number of 
replicates would be required to determine statistical signifi­
cance. 
The effect of high-level oral administration of Tylosin 
tartrate on established lesions of virus pneumonia of pigs 
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Table 1. Lesions in pigs inoculated with filtrates of pneu­
monic lung suspension 
APD of membrane 
filter 
No. of pigs 
inoculated 
No. of pigs 
with 
gross lesions 
No. of pigs 
with 
microscopic 
lesions 
800 m^ 7 7 7 
650 mjJ. 4 4 4 
450 7 5 5 
300 mfi 7 5 5 
220 m^ 4 0 0 
Table 2. Effect of virus pneumonia of pigs infection on feed 
and water consumption, average daily weight gain 
and pounds of feed/pounds of gain 
Determinations non-
infected 
group 
VPP 
infected 
untreated 
group 
VPP 
infected 
Tylosin 
treated 
group 
Total feed consumption, 
pounds 2850 2850 2750 
Total water consumption, 
gal./pig/day 2.03 
CM 1—1 OJ 
1.93 
Average daily weight gain, 
pounds 1.75 1.66 1.71 
Pounds of feed/pounds of 
gain 2.61 2.74 2.60 
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was determined. Twelve pigs were divided into 2 groups of 6 
pigs on the 21st day after initial exposure, at which time 
sporadic coughing was observed in both groups. When the pigs 
were necropsied 7 weeks after treatment, 5 out of 6 untreated 
pigs had typical gross pneumonic lesions involving approxi­
mately 1 to 7 per cent of the lungs. Four out of 6 treated 
pigs had typical gross lesions involving 1 to 5 per cent of 
the lungs. The characteristic microscopic lesions of virus 
pneumonia of pigs were encountered in all of the pigs necrop­
sied. The microscopic lesions encountered in pigs in which 
no gross lesions were evident are Illustrated in Figures 57 
and 58. 
No Mycoplasma spp., Pasteurella multocida, Haemophilus 
spp.. Streptococcus spp. or Bordetella bronchiseptlca were 
isolated from the lungs. 
The pigs which were inoculated with the pooled suspension 
of lung collected from the Tylosln treated group, were necrop­
sied 8 weeks later. All 3 had gross lesions of virus pneu­
monia of pigs involving 1 to 7 per cent of the lungs. The 
typical microscopic lesions of virus pneumonia of pigs were 
observed in specimens collected from each of the pigs. 
Pigs inoculated with the agent of virus pneumonia of pigs 
while being fed a ration containing Tylosln tartrate were 
necropsied 21 days after inoculation as was the control group. 
Figure 57. Peribronchiolar and perivascular lymphoid hyper­
plasia and subepithelial infiltration of lympho­
cytes in bronchiolus. Lesions from pig in which 
no gross lesions were observed. Hematoxylin and 
eosin stain. X 100. 
Figure 58. Pronounced peribronchiolar and perivascular 
lymphoid hyperplasia. Alveolar septa appear nor­
mal. Lesions from pig in which no gross lesions 
were observed. Hematoxylin and eosin stain. 
X 100. 
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In tne untreated control group, 3 of tne 4 pigs had charac­
teristic gross lesions of virus pneumonia of pigs involving 
approximately 1 to 6 per cent of the lungs, Tne character­
istic microscopic lesions of the disease were encountered in 
all four pigs in the control group. Three of the 4 pigs in 
the Tylosln treated group had extensive gross lesions char­
acteristic of virus pneumonia of pigs. The typical micro­
scopic lesions of the disease were encountered In the 3 
grossly affected lungs. Touch preparations from both groups 
of pigs containeu uLu..erou8 minute coccoid bodies situated 
extracellularly in most cases, but occasionally found in the 
cytoplasm of the cells. These bodies are illustrated in 
Figures l6 to 21. 
An attempt was made to determine the ^  vitro sensitivity 
to Tylosln of the organism propagated in artificial medium. 
No apparent inhibitory effect could be observed even at the 
highest level of the drug tested, namely 100 ygm./ml. 
Puraltadone 
The effect of Puraltadone (Valsyn Water Mix) on the agent 
of virus pneumonia of pigs was determined. The 2 control 
groups were the same as were used in the first Tylosln trial. 
In the Inoculated, untreated group 6 out of the 8 pigs had 
microscopic lesions of virus pneumonia of pigs, 4 of them 
associated with characteristic gross pneumonic lesions. In 
the unlnoculated group, 2 pigs had small foci of purulent 
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bronchopneumonia, and one had pneumonia resembling virus pneu­
monia but from which a Pseudomonas sp. was Isolated. Charac­
teristic gross lesions of virus pneumonia of pigs were found 
in the lungs of all the pigs in the group which were started 
on Valsyn prior to inoculation. These lesions involved from 
0,5 to 10 per cent of the lungs. Characteristic microscopic 
lesions were found in all these pigs. Four of the 9 pigs in 
the group started on Valsyn 13 days postinoculation had gross 
lesions involving 0.5 to 8 per cent of the lungs. Micro­
scopic lesions were present in 8 of the 9 pigs in this group. 
No Mycoplasma spp,, Bordetella bronchlseptlca, 
Haemophilus spp,. Streptococcus spp. or Pasteurella multo-
clda were isolated from the lungs of the experimental pigs. 
No viruses were Isolated in cell cultures. 
Chlortetracycllne 
The pigs Inoculated with the agent of virus pneumonia of 
pigs while receiving meal medicated with chlortetracycllne 
were necropsled together with the untreated control group 21 
days postlnoculatlon. Three of the untreated control pigs 
had characteristic gross lesions of virus pneumonia of pigs 
and the 4th had one small focus which could not with certainty 
be described as a pneumonic lesion. On histological exami­
nation the characteristic lesions were found in all 4 pigs. 
No gross pneumonic lesions were found in the chlortetracy­
cllne treated group, and on microscopic examination, no 
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changes resembling those associated with virus pneumonia of 
pigs were observed. Bacteriological examinations were nega­
tive, and no coccold bodies were observed in Giemsa-stained 
touch preparations from the lungs of the treated group. 
Several foci containing numerous coccold bodies were found in 
the smears prepared from lungs of the untreated control pigs. 
Ether Sensitivity 
Four pigs Inoculated Intranasally with an ether-treated 
suspension of pneumonic lung were necropsied 8 weeks post-
inoculation together with 4 control pigs inoculated with un­
treated lung suspension. Clearly demarcated greyish-pink 
pneumonic lesions involving approximately 1 to 5 per cent of 
the lungs were found in each of the control pigs. The le­
sions occurred primarily in the cardiac and apical lobes, but 
in one case the intermediate lobe was Involved. No gross le­
sions were encountered in the lungs of pigs Inoculated with 
the ether-treated suspension. 
Lesions typical of virus pneumonia of pigs were observed 
on microscopic examination of lung sections prepared from 
specimens collected from the control pigs. Very pronounced 
peribronchial and perivascular lymphoid hyperplasia with very 
few neutrophlles were observed in 3 out of 4 pigs, but in the 
4th one, the neutrophile infiltration was much more pro­
nounced, Occasional giant cells were observed in the pneu­
monic areas. The microscopic lesions encountered in the 
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control pigs are Illustrated in Figures 59^ 60, and 6l. The 
characteristic microscopic lesions of virus pneumonia of pigs 
were not encountered in the pigs inoculated with the ether-
treated suspension. Figure 62 illustrates the microscopic 
appearance of the lung from a pig inoculated with the ether-
treated suspension. 
No bacteria were isolated from the specimens collected 
at necropsy. 
Viral Interference 
On the 2nd day after inoculation with virus pneumonia of 
pigs lung suspension mild degenerative changes were observed 
in the primary swine kidney cell sheets. Distinct cytopathic 
effects (CPE) were observed on the 2nd day postinoculation in 
cell sheets Inoculated with Newcastle disease virus. Pseudo-
rabies virus, Ohio ECPO-1 virus, and Sturdy virus. Changes 
were first seen in cells infected with virus BTS-43 on the 3rd 
day. With all of these viruses the endpoint was reached by 
the 7th day postinoculation. A very indefinite CPE was ob­
served on the 6th day postinoculation in cell sheets inocu­
lated with Infectious Canine Hepatitis virus. The change was 
characterized by syncytium formation along the edge of the 
cell sheets and did not appear to progress rapidly. 
Results of the titrations of the 6 viruses are presented 
in Table 3. 
Figure 59« Pronounced peribronchiolar and perivascular 
lymphoid hyperplasia. Alveolar septa appear nor­
mal, Lesions from pig inoculated with pneumonic 
lung suspension not treated with ether. Hema­
toxylin and eosin stain, X 100. 
Figure 60, Peribronchiolar lymphoid hyperplasia and septal 
cell proliferation. Lesions from pig inoculated 
with pneumonic lung suspension not treated with 
ether. Hematoxylin and eosin stain. X 100. 
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Figure 6l. Perivascular and peribronchiolar lymphoid hyper­
plasia, septal cell proliferation and neutrophile 
infiltration. Lesions from pig inoculated with 
pneumonic lung suspension not ether-treated. He­
matoxylin and eosin stain. X 100, 
Figure 62, Lung from pig inoculated with ether-treated pneu­
monic lung suspension. Note absence of lesions 
in alveolar septa and in region of bronchioles. 
Hematoxylin and eosin stain. X 100, 
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Table 3. Titration of 6 viruses in cells exposed to pneu­
monia agent 48 hours previously 
Virus titer* 
Viruses Cells exposed to 
VPP infection 
Control cells not 
exposed to VPP 
NDV 4.5 4.3 
Pseudorabies 7.0 6.5 
Ohio ECPO 1 3.5 4.0 
Sturdy 4.0 4.5 
BTS-43 2.7 3.0 
ICH 1.5 1.0 
^Expressed as Log TCID per ml. 
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The final titers indicated that exposure of the cells to 
the pneumonia agent had not interfered with the growth of any 
of the 6 viruses tested. 
Experimental Mycoplasma pneumoniae 
Infection in Swine 
Pigs inoculated intranasally with a culture of Mycoplasma 
pneumoniae showed no febrile response, coughing, or other 
clinical symptoms during a 6 week period of observation fol­
lowing inoculation. No gross lesions were observed in the 
lungs, trachea, and nasal turbinates. Small fibrinous peri­
toneal adhesions were observed in one pig. Microscopic 
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examination of sections prepared from lung specimens col­
lected at necropsy revealed no evidence of pneumonia, but 
only congestion possibly resulting from the electrocution 
process. Mycoplasma pneumoniae was not reisolated from the 
lungs, heart surface, peritoneal cavity or nasal turbinates, 
nor were other bacteria isolated from these specimens. 
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DISCUSSION 
At the initiation of these studies very little informa­
tion was available on the nature of the etiological agent of 
virus pneumonia of pigs as it occurs in the U.S.A. Strain No. 
11 of the agent was known to be capable of reproducing the 
characteristic disease. It had been propagated in cell cul­
tures, and had consistently been shown to be free of Borde-
tella bronchiseptica, Pasteurella multocida, Haemophilus spp., 
Streptococcus spp.. Mycoplasma hyorhinis and swine influenza 
virus (L'Ecuyer, 1962). It had not been further defined, and 
it was not known whether this agent was a virus, a psittacosis 
agent or a Mycoplasma sp. 
The viral interference test was performed in an effort to 
determine whether a competitive relationship existed between 
the agent and the 6 viruses selected. This was also an 
attempt to devise a laboratory technique which could be used 
for titration of the agent. The viruses were selected from 
several virus groups in an attempt to cover a wide range of 
virus types, in the hope that interference could be demon­
strated. The Newcastle disease virus was the representative 
of the Myxovirus group selected, the Pseudorabies virus was 
the Herpesvirus selected, and the Adenovirus group was repre­
sented by the Infectious Canine Hepatitis virus. In addition, 
3 swine enteroviruses were included in the trial. 
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No interference could be demonstrated between the agent 
of virus pneumonia of pigs and the 6 viruses tested. This 
negative result was not considered as proof that the agent 
was not related to any of the 6 viruses, but in the light of 
this finding it was considered unlikely that further studies on 
viral interference would prove to be profitable. 
The results of the ether sensitivity trial demonstrated 
that the virus pneumonia of pigs agent was sensitive to ethyl 
ether. Since ether sensitivity is dependent on the presence 
of lipid-containing surface structures (Andrewes, 1962), this 
finding suggested that the agent was probably a fairly complex 
organism possibly possessing a lipid-containing limiting 
membrane. 
The filtration studies which were performed produced in­
teresting results. Five out of 7 pigs in each of the groups 
receiving the filtrates of the 450 mjx and 300 mjx APD mem­
branes had characteristic pneumonic lesions. No lesions were 
observed in the 4 pigs inoculated with the filtrate from the 
220 nyjL APD membrane. While it cannot be stated unequivocally 
that the smallest forms of the agent did not pass this mem­
brane, it is felt that on the basis of this evidence the con­
clusion can be drawn that this membrane removed the majority 
of the infectious particles, while the 300 m^ APD membrane 
passed a sufficiently large number of particles for the fil­
trate to remain infectious. Estimation of the size of the 
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agent on the basis of these findings presented some problems. 
Elford (1933) suggested that since the variables encoun­
tered during filtration could not be accurately assessed, a 
practical procedure was to express the probable limits for 
the size of the smallest particle just retained by a given 
membrane under ideal conditions of filtration. For membranes 
with APD of between 100 mp. and 500 mjx, the size of the re­
tained particles would be 0.5 to 0,75 of the APD of the mem­
brane. If applied to the results of the filtration trial 
this would indicate an absolute minimum size for the agent of 
110 iT^L. Since the largest particle that would not be retained 
by the 300 ny. APD membrane would measure less than 225 miL, 
and since the filtrate of the 300 m^ APD membrane was still 
infective, it can be assumed that the smallest infectious 
particles measured between 110 and 225 in diameter. The 
fowl-pox virus which was Included as a marker virus passed the 
same membranes as the pneumonia agent. Therefore It must be 
assumed that there were infectious forms of this virus mea­
suring less than 225 mp_in diameter. This figure is slightly 
less than the 250 m^ diameter of fowl-pox virus as determined 
by electron microscopic techniques (Andrewes, 1964). This is 
not surprising since size determinations based on electron 
micrographie measurements tend to be distorted toward in­
creased size. 
Three trials were performed to determine the Iji vivo 
sensitivity of the virus pneumonia of pigs agent to Tylosin 
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tartrate. One ^  vitro trial was performed. In all 4 trials 
it was shown that this agent was very resistant to the action 
of the drug. The fact that the organism grows in the pres­
ence of 100 jigm./ml. Tylosin may be useful in developing se­
lective media which can support growth of the agent but not of 
Mycoplasma hyorhinis and M. granularum, both of which, ac­
cording to Switzer^, are sensitive to the drug, M. granularum 
being very sensitive while M. hyorhinis is somewhat less 
sensitive. 
The results of the chlortetracycline sensitivity trial 
indicated that the organism was sensitive to this drug, a 
finding which is in agreement with the reports of several 
groups of investigators working on swine pneumonia in different 
parts of the world. The chlortetracycline sensitivity of the 
agent is indicative of the nonviral nature of the agent of 
virus pneumonia of pigs. If the chlortetracycline sensitivity 
of this agent is considered together with the size of the 
agent as revealed by filtration experiments, it appears that 
this agent could be either a Mycoplasma sp. or a member of the 
psittacosis group of agents. In view of this, the Tylosin re­
sistance of the agent is somewhat surprising, since this drug 
has been shown to be very effective against many members of 
Dr, W. P. Switzer, Iowa Veterinary Medical Research In­
stitute, Ames, Iowa, Tylosin sensitivity of Mycoplasma spp. 
Personal communication, 1965, 
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both the psittacosis group of agents (Pollard and Tanaml, 
1961) and members of the genus Mycoplasma (Barnes _et al., 
i960, Yoder et al., 196I, and El Nasri, 19^4}. It is reason­
able to assume, however, that Tylosin resistant agents may 
exist in both these groups. 
An attempt was made to demonstrate antibodies to agents 
of the psittacosis group in sera from lambs inoculated witn 
the agent of virus pneumonia of pigs. Two of the 4-sheep re­
mained negative throughout the trial, but the other two devel­
oped low antibody titers to the pigeon ornithosis agent be­
tween the 1st and 4th weeks postinoculation. Since no anam­
nestic response was observed following booster inoculations, 
the antibody response was considered to be nonspecific. 
Failure to demonstrate antibodies to the agent of virus 
pneumonia of pigs in sera from sheep or swine Inoculated with 
the agent indicates that the antigen used in the immunization 
procedure was of low antigenicity. Both the agar-gel diffusion 
micro-precipitation test and the fluorescent antibody tech­
nique are highly sensitive serological systems, and even low-
grade antibody responses should have been detected using 
these systems. The lung tissue in the crude pneumonic lung 
antigen probably masked the infectious agent, thus preventing 
effective stimulation of antibody production. The Isolation 
of the infectious agent in cell-free media should allow prepar­
ation of better antigens and antisera, and the development of 
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specific serological procedures for diagnostic and experi­
mental use. 
Failure to demonstrate a specific skin reaction in virus 
pneumonia infected pigs inoculated intradermally with anti­
gens prepared from pneumonic lung can probably also be attri­
buted to the low antigenicity of the antigens. The antigen 
preparation techniques were selected since they represented 
proven methods of skin-test antigen preparation for a Myco­
plasma sp. and for the psittacosis agents. The febrile re­
sponse observed in one pig could not be repeated, and was con­
sidered to be nonspecific. 
The results of the filtration experiments revealed that 
the smallest infective form of the pneumonia agent measured 
between 110 and 225 in diameter. While an agent measuring 
225 ny^ would be just within the limits of resolution of the 
conventional light microscope and would therefore be difficult 
to visualize, it was considered reasonable to assume that 
larger forms of the agent existed, and if this were so, they 
should be visible in pneumonic lesions and in cell cultures 
inoculated with the agent. Examination of Giemsa-stained 
touch preparations from pneumonic lesions revealed numerous 
small bluish-purple coccoid to cocco-baclllary organisms and 
occasional ring forms. The organisms were frequently diffi­
cult to find, but when a focus of organisms was found, 
numerous colonies were usually encountered in the immediate 
area. 
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The reason for the focal distribution in touch prepara­
tions became evident when on examination of Giemsa stained 
sections of pneumonic lung it was demonstrated that the or­
ganisms were most numerous on the surface of the bronchiolar 
epithelium, and were infrequently found in the alveoli. The 
foci of organisms probably represented those areas of the 
touch preparations which were derived from the bronchloll. 
Intracellular accumulations of the organisms were not fre­
quent and were probably the result of phagocytosis and not 
representative of a developmental phase of the organism. 
Since the organisms were usually encountered extracellularly, 
it was assumed that they were not obligatory intracellular 
parasites. The size, morphology and extracellular occur­
rence of the organisms was considered to be strong evidence in 
favor of their Inclusion in the genus ly^coplasma. 
Failure to demonstrate the organisms in smears prepared 
from older lesions is interpreted as indicating a very low-
grade Infection rather than the absence of the infectious 
agent. 
The organisms encountered in the touch preparations re­
semble In size and morphology the pleomorphic organisms or 
"P.O.'s" observed by Goodwin and Whittlestone (1963a) in cell 
cultures Infected with a causative agent of virus pneumonia 
of pigs. 
Cell cultures which were established from pneumonic 
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lesions were stained and examined microscopically for micro­
organisms, Occasional extracellular and intracellular clumps 
of the organisms were seen, but in view of the fact that the 
cell cultures were subsequently shown to be infective by pig 
inoculation, the numbers of organisms were surprisingly low. 
This probably resulted from the washing off of extracellular 
organisms during the staining process. 
The acridine orange staining technique which was used in 
an attempt to determine the nucleic acid composition of the 
pneumonia agent produced rather indefinite results. Focal 
intracytoplasmic accumulations of reddish-orange staining 
material believed to be RNA were encountered in infected tis­
sues. This change was not consistently encountered in in­
fected tissues and was never seen in normal cells. The 
changes observed were interpreted as representative of a cell­
ular reaction to the causative agent and not as part of the 
cyclic development of the organism. The significance of the 
clumps of green-staining material observed in some cells in 
infected tissues is not known, but it is believed that this 
material may represent phagocytosed DNA-containing remnants 
of nuclei of degenerated cells. 
Electron microscopic examination of pneumonic lung re­
vealed a marked increase in the number of free-lying and at­
tached septal cells. The electron-dense, membrane-bound 
bodies which were occasionally encountered in these cells or 
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lying free in the alveolar spaces were believed to be the in­
fectious agent. The possibility that these bodies represent 
a change produced by the agent rather than the agent itself 
can not be eliminated. In size and morphology these bodies 
closely resembled the elementary bodies of the trachoma agent 
as described by Mitsui et al. (1964), and the meningopneumo-
nitis agent described by Erlandson and Allen (1964). Both of 
these agents are members of the psittacosis group. However, 
the intracellular developmental stages characteristically asso­
ciated with the psittacosis group of agents were not seen in 
the virus pneumonia of pigs preparations. 
A morphological resemblance also existed between the 
bodies observed in virus pneumonia of pigs and the "elementary 
bodies" of Mycoplasma spp. as described by Domermuth et al. 
(1964a, 1964b) and the intracellular Mycoplasma described by 
Dmochowski et al. (1964). The intracytoplasmic vesicular 
bodies which were occasionally observed in virus pneumonia of 
pigs closely resembled the structures described by Dmochowski 
et al. (1964) as "Mycoplasma containing primary bodies." 
The amorphous material present in the alveolar spaces of 
pneumonic lung probably represented an abnormal accumulation 
of the lipo-protein surfactant material (Bensch ejt al., 1964) 
secreted by the septal cells. The abnormal amount of this 
material could be the result of increased production due to 
the large number of septal cells, or to Interference in the 
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normal outflow of this substance resulting from blockage of 
the pores of Kohn. 
The intracytoplasmic bodies encountered on microscopic 
examination of infected cell cultures also resembled both the 
Mycoplasma spp. and the agents of the psittacosis group. The 
membranous whorls which were present in the organisms resem­
bled similar structures observed in elementary and initial 
bodies of the meningopneumonitis agent by Erlandson and Allen 
(1964), These authors commented on the similarity between 
these structures and the mesosomes of bacteria, but did not 
present proof of their involvement in the process of intra­
cellular respiration. The significance of the whorls in these 
objects is not known. 
Microscopic examination of hematoxylin-eosin stained sec­
tions from experimentally produced lesions of virus pneumonia 
of pigs consistently revealed peribronchiolar and perivascular 
lymphoid hyperplasia. The peribronchiolar lesions were con­
sistently more prominent than the perivascular ones, and the 
blood-vessels associated with the lymphoid hyperplasia were 
usually those situated in close proximity to the bronchioles. 
Thus the lymphoid hyperplasia, which is considered character­
istic of this disease, may be the result of penetration of the 
bronchiolar epithelium by toxins produced by the organisms. 
This would explain the predominant peribronchiolar localiza­
tion of the cellular response. Actual peaeoration of the lung 
parenchyma by the organisms may play only a minor role in the 
203 
pathogenesis of the lesions. 
Lesions in whicn pronounced alveolar interstitial thick­
ening, giant cell formation, neutrophile infiltration, septal 
cell proliferation, as well as the peribronchiolar and peri­
vascular lymphoid hyperplasia were observed, were considered 
to represent the active phase of the infection. These changes 
were prominent in pneumonic lesions in pigs necropsied 3 to 4 
weeks postinoculation. The lesions characterized by pro­
nounced lymphoid hyperplasia associated with very few other 
changes were believed to represent a more chronic phase of the 
infectious process. This type of lesion was commonly encoun­
tered in pigs necropsied 4 to 8 weeks postinoculation. 
The apparent increase in virulence of tne agent wnich was 
observed after serial passage in pigs is difficult to explain. 
It is reasonable to assume that passage of the organism as it 
occurs in nature, involves infection of swine with varying de­
grees of resistance. The organism would thus come into con­
tact with a number of body defense mechanisms, some of them 
possibly capable of modifying or attenuating the strain. Fur­
thermore, the actual dosage of the agent received by a pig 
during the natural transmission process is probably relatively 
low, thus allowing the body defenses to either overcome it or 
to limit its pathogenic effect. 
The relatively rapid experimental passage of the organ­
ism which was accomplished by intranasal inoculation of highly 
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susceptible pigs with large doses of tne infectious agent 
could nave resulted in an actual increase in virulence. An 
alternative explanation for tne apparent increase in virulence 
would be that as a result of serial passage in highly suscep­
tible pigs, using large dosages of the agent, an increase in 
the titer of the organism had occurred. Tne dosage of the 
organisms in suspensions of pneumonic lung would therefore 
have become increasingly larger, resulting in greater 
infectivity. 
The reasons for the frequent occurrence of giant cells in 
lesions after rapid serial passage in pigs are not known. This 
phenomenon could be attributed to tne presence of high toxin 
concentrations resulting from increased virulence of tne in­
fectious agent or to an increase in tne number of organisms 
in the inoculum, Betts al. (l955j described a pneumonia of 
swine in whicn large numbers of giant cells were encountered. 
The disease differed clinically from virus pneumonia of pigs 
and the microscopic lesions were also considered to be dif­
ferent. Hjârre £t al. (1952aJ occasionally encountered giant 
cells in lesions of swine influenza and "enzootic virus pneu­
monia." A giant cell pneumonia which was accompanied by 
vegetative dermatitis was also described by Hjârre et al. 
(1952b). Although tne lesions wnicn tney described were 
consistent witn tnose of virus pneumonia of pigs, tney did not 
imply tnat tne two diseases were in any way similar. 
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Giant cells have thus not been consistently associated 
with the lesions of the disease in the past. On the basis of 
the findings presented here it is suggested that perhaps they 
are representative of an acute phase of the uncomplicated 
disease, a state which is rarely encountered in the field. 
The causative agent of virus pneumonia of pigs was suc­
cessfully propagated in cell cultures. While the cell cul­
tures established from pneumonic lung were still Infective 
after 3 serial passages, no pneumonic lesions were elicited by 
7th or 8th serial passage material. These results confirm the 
findings of L'Ecuyer and Switzer (19-3) who were not able to 
propagate this strain of the agent beyond the 4th serial 
passage in HeLa cells. These findings indicated that the 
growth environment was definitely sub-optimal. Since the agent 
has a predilection for lung tissue it was postulated that an 
increased oxygen environment might favor growth of the organ­
ism, but no enhancement of growth was observed in cell cultures 
grown in an atmosphere consisting of 95 per cent oxygen and 5 
per cent carbon dioxide. It is possible that the oxygen level 
used was too high. 
Microscopic examination of stained coverslips of cell 
cultures established from pneumonic lungs revealed relatively 
few of the cocco-bacillary organisms. This finding possibly 
indicates that growth was primarily occurring extracellularly. 
Repeated attempts were made to propagate the infectious 
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agent in embryonated hens eggs, all without success. This 
finding confirms the results obtained by L'Ecuyer (I962), 
Similarly, no definite evidence of infectivity of this agent 
for mice could be demonstrated. The mortality which was ob­
served in one group of inoculated baby mice could not be re­
produced and was considered to be the result of an inter­
current infection. 
A small coccobacillary organism isolated in cell-free 
media from pneumonic lung was found to elicit the character­
istic gross and microscopic lesions associated with virus 
pneumonia of pigs, and has been demonstrated to be the causa­
tive agent present in strain No. 11 of this disease. Lesions 
were reproduced with the agent after 8 serial passages which 
constituted a dilution of 10"^ of the original lung suspen­
sion, Daily examination of culture tubes revealed a definite 
increase in the numbers of organisms present. When these 
observations are considered together with the fact that the 
serial passages constituted a total exposure of the organism 
to 37 C for 25 days, there is no doubt that growth and multi­
plication of the organism actually occurred. 
The name Mycoplasma hyopneumoniae (new species) is pro­
posed for the organism. Its inclusion in the genus Myco­
plasma is based on the characteristic colony morphology ob­
served, and on the size, morphology, staining characteristics 
and penicillin resistance of the microorganism. Failure to 
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revert to a bacterial form when propagated continuously in 
the absence of bacterial inhibitors further favors its inclu­
sion in the genus Mycoplasma. The species name hyopneumoniae 
indicates that it is the Mycoplasma of swine pneumonia. 
None of the results of the earlier experiments conflict 
with the concept of the pneumonia agent being a Mycoplasma sp. 
The organisms visualized by light and electron microscopy in 
known infected tissues resembled Mycoplasma spp. in size and 
morphology. The results of size determinations by filtration 
indicated that the agent was either a Mycoplasma sp,, a psitta­
cosis agent or a large virus. The predominant extracellular 
occurrence of the organisms as seen in stained touch prepara­
tions and sections of lesions favored its inclusion in the 
genus Mycoplasma. The ether sensitivity of the agent is be­
lieved to be compatible with its designation as a Mycoplasma 
sp. since these organisms are very delicate membrane-bound 
structures which would most probably be sensitive to ether. 
However, no reference to ether sensitivity determinations on 
Mycoplasma spp. was encountered in the literature perused. 
The chlortetracycline sensitivity of the agent was also con­
sistent with its inclusion in the genus Mycoplasma. 
The relationship between M. pneumoniae and M. hyopneu­
moniae (n. sp.) has not been determined. An unsuccessful 
attempt was made to elicit pneumonic lesions in respiratory 
disease-free pigs by intranasal instillation of M. pneumoniae. 
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The negative results do not preclude a close relationship be­
tween the two organisms. 
Several attempts were made to propagate the pneumonia 
agent in media designed to support growth of other swine and 
avian Mycoplasma spp. and M. pneumoniae. The fact that these 
attempts were repeatedly unsuccessful indicates the extreme 
fastidiousness of the agent and suggests that it is distinct 
from M. hyorhlnis, M. granularum and M. pneumoniae. It also 
differs from the other swine Mycoplasma spp. in its Tylosin 
resistance. 
Bakos and Dinter (1963) isolated an agent in cell-free 
media from swine enzootic pneumonia in Sweden, They considered 
this agent to be a Mycoplasma sp., but did not present evidence 
of its ability to elicit the characteristic disease on sub-
inoculation. Goodwin and Whittlestone (1964c) in England pro­
duced enzootic pneumonia in pigs with an agent grown in cell-
free media. They did not identify the agent but suggested 
that it might be a Mycoplasma sp. 
When the results presented in this thesis are considered 
in conjunction with the findings of the above-mentioned au­
thors incriminating nonviral causative agents for the disease 
widely known as virus pneumonia of pigs, the legitimate use 
of "virus" in the nomenclature of the disease becomes ques­
tionable. It is suggested that if further investigations re­
veal widespread occurrence of M. hyopneumoniae (n. sp.) as 
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the causative agent of this disease, a more specific name such 
as "Pulmonary Mycoplasmosis of Swine" or "Mycoplasmal Pneu­
monia of Swine" should be adopted. 
The isolation in cell-free media of the pneumonia agent 
and its Identification as a Mycoplasma sp. was achieved after 
the major portion of the work presented in this thesis had 
been completed. If this had been accomplished earlier a more 
refined antigen would have been available for the characteri­
zation studies. However, the fact that the agent can now be 
grown in cell-free media should allow rapid advances in re­
search on this very important disease. 
There are several important problems which have to be 
overcome at the outset. In the first place it is essential 
that better growth media be developed since more abundant 
growth of the organism would make available antigens suitable 
for preparation of antisera. These antisera would prove val­
uable in the development of serological procedures for diag­
nostic purposes as well as for laboratory use. 
More abundant growth of the agent would also allow the 
assay of drugs for possible use in prophylaxis or therapy of 
the disease. Methods of attenuation or inactivation of the 
agent for use in prophylactic Immunization could be developed, 
since recent work with M, pneumoniae has indicated that a 
satisfactory vaccine may be developed for this agent. 
210 
The development of improved diagnostic procedures for use 
in the identification of M. hyopneumoniae should receive high 
priority, since this will facilitate field surveys to deter­
mine the extent of the etiological role of this organism in 
chronic pneumonia of swine. 
211 
SUMMARY 
An infectious agent capable of eliciting the disease 
known as virus pneumonia of pigs (VPP) was isolated, grown in 
cell-free media and characterized. The agent was isolated from 
characteristic pneumonic lesions in a pig from a farm with a 
typical field outbreak of the disease. The agent was consis­
tently shown to be free of bacteria and viruses cytopathogenic 
for swine kidney and swine lung cell cultures. 
An unsuccessful attempt was made to demonstrate inter­
ference between the pneumonia agent and Newcastle Disease 
virus, Pseudorabies virus. Infectious Canine Hepatitis virus, 
and 3 swine enteroviruses. 
The infectious agent was shown to be sensitive to ethyl 
ether, a fact which was interpreted as being indicative of the 
presence of lipid-containing surface structures. 
Filtration studies which were performed to determine the 
size of the infectious agent revealed tnat the agent would 
pass a 300 mjx APD membrane but not one with 220 nyx APD. It 
was estimated that the smallest infectious particle measured 
between 110 m^x and 225 nyx in diameter. 
The vivo sensitivity of the agent to Tylosin tartrate, 
Puraltadone and chlortetracycline was determined. The agent 
was sensitive to chlortetracycline, but no sensitivity to the 
other 2 drugs could be demonstrated. No vitro sensitivity 
to Tylosin tartrate was observed. 
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An unsuccessful attempt was made to demonstrate a serolog' 
leal relationship between the pneumonia organism and the psit­
tacosis agents. 
Both the fluorescent antibody technique and the agar-gel 
diffusion technique were used in unsuccessful attempts to dem­
onstrate antibodies to the pneumonia agent in sera from sheep 
and a pig whicn had been repeatedly inoculated witn tne agent. 
No skin hypersensitivity reaction could be demonstrated in in­
fected pigs injected intradermally with antigens prepared from 
pneumonic lung. 
Small coccoid to cocco-bacillary organisms and occasional 
ring forms were observed in Giemsa stained touch preparations 
and sections from pneumonic lung, as well as in cell cultures 
infected with tne agent. 
Electron-microscopic examination of infected tissues re­
vealed round to oval electron-dense bodies whicn were believed 
to represent the infectious agent. Tne morphological similar­
ities between these structures. Mycoplasma spp. and psittaco­
sis agents was discussed, 
Tne pneumonia agent was propagated in cell cultures, but 
serial passage beyond the 3rd passage level was not achieved. 
The infectious agent was successfully propagated in cell-
free fluid medium and on solid media. Surface growth was 
markedly ennanced by the presence of a Micrococcus sp, nurse 
colony, Tne characteristic colony morphology associated with 
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tne Mycoplasma spp, was observed when the agent was grown on 
solid media. 
After 7 and also 8 serial passages in cell-free media tne 
cnaracteristic gross and microscopic lesions of virus pneumonia 
were elicited in respiratory disease-free pigs inoculated with 
tne organism. 
The name Mycoplasma hyopneumoniae (hew species) was pro­
posed for the organism. Its inclusion in the genus Mycoplasma 
was based on tne cnaracteristic colony morpnology, and on tne 
size, morpnology, staining characteristics and penicillin re­
sistance of tne organism. Trie species name hyopneumoniae in­
dicates tnat it is tne Mycoplasma of swine pneumonia. 
It was suggested that if further investigations reveal 
wide-spread involvement of Mycoplasma hyopneumoniae as tne 
causative agent of virus pneumonia of pigs, a more specific 
name such as "Pulmonary Mycoplasmosis of Swine" or "Mycoplas­
mal Pneumonia of Swine" should be adopted. 
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